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Douglas Report DAC-56505

ABSTRACT

The larrative End Item Report contained herein is a narrative summary of the
Douglas manufacturing and test records relative to the Saturn S-IVB-AS-503

Flight Stage (Dourlas P/ 1.39300-503, S/N 1007).

Marrations are included on those conditions related to nermanent nonconfor-
mances wvhich were generated4durigg the manufacturing cycle and existed at the
timc of acceptance testing. The report sets forth data pertinent to total
time or cycle accumulation on time or cycle significant ftems. Data relative
to variations in flight critical commonents is also included. There is no

provision to update or reviss the NEIR after initial release.

Descrigtors

HEIR Sirnificant Items
Documentation Stage Checkout

Configuration Manufecturing and Test

$44 1.



‘Douglas Report DAC-56505

PREFAC

N

This Nerrative End Item Revort is nreparad vy the Reliability Aszsurance

Overations Department of Douzlas Alrcraft Company, Inc., for the Hational
Leronautics and Space Administration under contrzet LAST-101. This report

is presented in responce to requirements of NPC 200-2, paragréph 1k,2,4,

and is issued in.accordance with MSFC-DRL-0Z21, Contract Data Requirements,
which details contract date required {rom Douglas Aircraft Company, Inc,

Thz report summarizes the period from initial stage accentance testing at the
Douglas Space Systems Center, Huntington Beach, California, thrcugh final

accevtance testing at the Douglac Sacramento Test Center (STC), Szcramento,

Czlifornia, and turnover to NASA/MSFC for delivery to NASA/FTC.
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1.0  INTRODUCTION

1.1 Scoge

The NEIR compiles quality evidénce and assessments of a particular end item
for use in eveluating program objectives and end item usage. This report
narrates upon the Saturn S-IVB-503 and discusses the following:

e, Final configuration.

b. Replacements made during test and final checkout (including serial
number and change letter of articles removed or substituted).

c. Nature of problems and malfunctions encountered.

d. Corrective action taken or pending.

e, Extent of retests not completed.

. Total operating hours or cycles for each time or cycle significant

system or subsystem.

1.2 PFormat
This document is organized into sections, with each section fulfilling a
specific purposé. The title of each section, and a brief outline of its

purpose follow, Section:

1.  INTRODUCTION. This section discusses the scope of the NEIR, the Stage
Design Concept, Documentation, and Turnover Data. .

2 SYSTEM TEST SUMMARIES. A brief summary of principal test areas is
presented to give management personnel a conecise view of suceessful
test achievement, and remaining areas of concern.

3. STAGE CONFIGURATION. Conformance to engineering design, accepted
deviations and waivers, and data on time/cycle significant items.

L, DETATLED NARRATIVE. A presentation in depth of checkout operations,
_presented with the checkouts at Sacramento Test Center (STC) firs<,
followed by Space Systems Center (SSC) checkouts. Failure and
Rejection Reports (FARR's) are referenced as aspplicable for each
paragraph.

APPENDICES:

1. ILLUSTRATIONS. Graphic Art, giving sufficient system detail to
clerify areas discussed in the text.
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1.2 (Continued)

2. CHARTS. Weld defect charts which show weld discrepancies, included
in Table II Failure and Rejection Reports.

3.  TABLES.

a. TABLE I. A compilation of FARR's recorded during systems
installation and checkout.

b, TABLE II, A compilation of FARR's against structural assemblies,

4, GLOSSARY., A list of terms, abbreviations, and phrases used in the
NEIR text, with a brief definition.

1.2 Stage Functional Description

A detailed system analysis is beyond the scope of this report. The "S-IVB-503
Staze End Item Test Plan', 1BAA1T70, contains a description of eesch operational
crstem, and includes a listing of test procedures, with the objective and
rrerequisite of each test. tage 503 is primerily a booster stage, consisting
of propellant tanks, feed lines, electrical and pneumstic power for operation
of stage systems, and such systems as are required for checkout purpcses, fuel

loading and unloadinz control, in-flight control and pressurization, and date

measurement during these operations.

1.4 Documentation

l.4b.1 Deta

Manufacturing and test records for this stage include Fabrication Orders
(F.C.'s), Assembly Outlines (A.O.'s), Feilure and Rejection Reports (FARR's),
Serial Engineering Orders (SEO's), Radiographic Inspection Records,
Hydrostatic test data, Vehicle Checkout Laboratory (VCL) test data, STC test
data, and vendor data, F.O.'s and A.0.'s record in sequence all manufacturing
processes, procedures, and Quality Control inspection activities, Any

discrepancy from & drawing requirement is recorded on a FARR by Inspection and
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l.h.} (Continued)

Test personnel. The FARR iz nlso used to record the Material Review Board
(MRR) disposition applicable to the discrepancy. SEO's may be written: to
define the rework recuired by a FARR; to change the effectivity; or to change
other drawing requirements. Radiographic Inspection Records and X-ray
photographs of all weld seams are maintained on file by the contractor. All
original date is retained in the contractor's Reliability Assurance

Devartment Central Data files., Vendor technical data is received on functional
rurchased parts and'also reteined in Central Data files. The majority of
documentation referenced within this report is included irn the log took which

accompanies each stage.

1,%.2  Turnover

1.4.2.1 Douglas Snace Systems Ceanter

Turno;er of the Saturn DSV-4B-1-1 (S-IVB-SO3) stage, for trancport to Douglas
SIC, was made at Douglas 5S8C, iHuntington Beach. Conditional acceptance was
macde o the Alr Force Plant Representative, quality Assurance Division
Representztive., A letter, A3-131-12.30.83-L-2554, dated 7 October 1966, from
tﬁe’Douglas Contracts Mannzer to the KASA/MSFC Resident Management Office,
:I-CO—SD/DAC, covered the submittal of documentation for purposes of technical
.turnover of the stage to STC. A copy of that letter and accompanying
docuwmentation is included in the stage log book (reference Volume 1, Part 1,

Section 1).

1.4.3 Age Reguirements

3

Certain components of the Stage 503 systems have age requirement factors.
. Data defining the requirements, and records relative to age items, replacement

schedules, and storage procedures, are on file at SSC,

3/4
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2.0 System Test Summary

The following paregraphs present a narrative summary of manufacturing and
stage checkout of the S-IVB-503 Stage. Stage checkouts conducted at the
Sacramento Test Center (STC) and at the Space Systems Center (SSC) are
sumnarized in paragraphs 2.1 and 2.2, respectively. Detailed narrations of

the stage checkouts at STC and SSC are presented in Section 4.

2,1 Stage Checkout - Sscramento Test Center (STC)

The S-IVB/SV SA503 stage acceptance test program was conducted at the
Sacramento Test Center between October 1966 and January 1967. Prefiring
checkouts were completed by 10 Janusry 1967. Countdown for static firing of
the stage began on 19 January 1967 and continued until 20 January 1967 at

T1622 hours, at which time the stage was destroyed by explosion (see Douslas

Report DAC-56526 for a detailed summary of this incident),

2.1.1 Prefiring Activity

The stage arrived at STC on 11 October 1966, and was installed in Beta
Caomplex test stand III. Of the twenty-five handling and checkout procedures
(H&CO) conducted for purposes of prefiring checkout, seven were impounded.
The remaining eighteen procedures, available for narrative presentation, were
grouped as follows:

8, Propulsion system tests.

b. Forward and aft skirt purge.

c, Electrical/electronic systems tests.

d. Structural inspection.

e, Hydraulic system test.

f. Integrated systems test,

g. Countdown procedures,



Douglas Report DAC-56505

2.1.1 (Continued)

The propulsion system tests involved an automatic checkout and a fingsl leak
check. There were fifteen fallure and rejection reports written as a result
of these tests; of these, fourteen were satisfactorily resolved. The

[
fifteenth had not been cleared at the time of this printing.

The forward and aft skirt purge was performed acceptably, with no fallures

noted.

The electrical/electronic systems tests consisted of the following:
a. Power distribution tests.
b, Umbilical interface compatibility check,
c. Propellant utilization system tests.
d. Level sensor and control unit calibration.
e, nyogenic temperature sensor verification.
f. 8Single sideband system tests.,
g. Telemetry system test,
h. Digital date acquisition system test.
The tests were perfarmed satisfactorily, with seventeen failure and rejection

reports written to resolve problems encountered.

The structural inspectibn was run to determine the prefiring structural
soundness of the stage. The one failure and rejection report was suitably

resolved.

The hydraulic system test was performed with no functional feilures noted.
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2,2 Stage Checkout, SSC

The stage was placed in SSC VCL checkout tower 6 on 15 July 1966, and
prepared for systems tests., Checkout operations lasted 4k dayé, terminating
on 14 September 1966. Detailed narration on all tests will be found in
paragraph 4.2, with the following six major areas of testing being covered:

8. Umbilical mechanical mating.

b. Environmental control system.

c. Electrical/electronic systems.

d. Propulsion system.

e. Hydraulic system.

. All systems test.

As certain portions of the testing program were performed simultaneously,

the grouring is arbitrary in order to form a cocherent sequence.

The umbilical mating tests, consisting of two proceduresgverified the
wibilical fit and function. COne failure covered by a failure and rejection

report was suitably resolved,

The envirommental control system tests of the forward skirt thermo-conditioning
system, consisting of three procedures, were satisfactorily completed. The
check of the aft skirt and interstage purge syctem was adso accomplished

without significant problems.

The electrical/electronic systems tests comprised twenty-three procedures,
divided into the following thirteen areas:

a. Fower distribution tests.

bv. Continuity compatibility checks,

c. Propellant utilization tests.
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2,2 (Continued)
d. Level sensor and control unit calibratibn.
e. Exploding bridgewire test.
f. Range safety tests.
g. Cryogenic temperature sensor verification.
h. Signal conditioning setup.
i. Single sideband tests.
je Telemetry tests.
Ko ?igital data acgulsition tests.
1. Telemetry and range safety antenna test.

r. APS simulzctor test.

Revisions were made to the procedures as required to implement corrections
and changes, and to allow testing with existing equipment shortages.
Difriculties &nd problems were suitably resolved, including twenty-eight

t+ems thas were ccovered »v rejlection reports.

The nrépulsion svstem tests consisted of the Tollowlng categories:
a, Propulsion system control console/stage compatibility test.
0. Lil, tank pressurization system leak check,

¢. Pneumatic zonirol svstem leak check,

4. Cold helium system l=ak check.

e. Propellant tanks leak check.

f. Repressurization system leak check.

. J-2 engine system leek check.

h. Propulsion system automatic test.

i. Engine alignment.
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2.2 (Continued)
A1l of the propulsion system tests were completed satisfactorily, with
revisions as regquired. Leekage and other problems were gsuitably resolved,

including fifteen rejection report items.

The hydraulic system tests, consisting of two procedures, were satisfactorily
completed after some procedure and program changes., No failure and rejection

rerorts were prepared,

The all systems automatic test, performed with umbilicals in and with
umbilicals out, was completed satisfactorily, with 103 procedure revisions

and two rejection reports solving problems encountered.

9/10
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3.0 Stage Configuration

The paragraphs of this section define the configuretion of the Saturn S-IVB-
503 Stege, and note the variations applicable thereto. The narrative in-
cludes an explanation of why each part was a variation, and describés the
significant differences between the variant parts and those to be used on
subsequent stsges, Those modifications which were incorporated prior to

static acceptance firing are alsoc noted.

Scope changes affecting the stege are briefly described, along with the
intent of the changes, their implementation, and the extent and status of

their incorporation.

Existing contractural configuration control papers are referenced wherever

possible,

3.1 Design Intent Verification

The configuration of this stage is defined in the Engineering Configuration
List (ECL) compiled for Stage 503, manufacturing serial number 1007. Dated
19 September, 1966, revision A, this ECL document includes a listing of all
' parts, non-hardware drawings, and manufacturing and process specifications
required for manufacture and test of the stage, a8 defined by Engineering
production drawings and EO releases. The ECL has been transmitted to NASA

under separate cover,

Verification of Design Engineering intent is accomplished Py a comparisén of
the ECL, the Planning Configuration List (PCL), and the Reliability Assurance
Department As-Built Configuration List {ABCL). Any noted discrepancies were
resolved by the contractor, and a listing of the resultant sction is filed

at the contractor's facility.

11
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3.2 Stage Variations

Components and assemblies which are variations to the stage design,
identified by SEO dash numbers after the part number, are detailed in this
paragraph. Only Flight Critical Items installed in the stage with SEO's are
reviewed. A description of these variations by part name, part number, and
serial number, is presented, along with the applicable SEO's. The following
camponents and assemblies either have minor variations, or are affected by

changes in production testing requirements, All are of production con-

figuration.

Paragraph Part Name Part Number S/N

3.2.1 Fuel Tank Vent and Relief 1A48257~-507-002 0038
Valve

3.2.2 Oxidizer Tank Vent and 1AL8312-503-005 0025
Relief Valve

3.2.3 Helium Fill Module 1A57350-505-001 0223

3.2.4 Chill System Installation 1A59098-3-013 ‘ N/R

3.2.5 LH, Propulsive Vent 1B51753-501-006 008

Regulator and Shutoff Valve

3.2.6 Pressurization Control 1B56653-501-002 00018
Module Assembly

3e2.T Time Delay Circuit Module 1B59020~1-001 016

3.2.1 Fuel Tank Vent and Relief Valve (1ALB257-507-002, S/N 0038)

SEO 1ALB257-507~002 waived B/P requirements for external leakage checks of
this valve, contingent upon eventual‘satisfactory completion of second

product acceptance checks per B/P, The waiver was granted because the ven-
dor did not employ acceptable testing methods. These methods will be modi-

fied in the future.
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3.2.2 Oxidizer Tank Vent and Relief Valve (1A48312-503-005, S/N 0025)

SEO 1AkL8312-503-005 waived B/P requirements for external leakage checks of
this valve, contingent upon eventual satisfactory campletion of second
product acceptance tests per B/P, The waiver was granted because the vendor
did not employ acceptable testing methods, These methods will be modified

in the future.

3.2,3 Helium Fill Module (1A57350-505-001, S/N 0223)

SEO 1A57350-505-001 authorized the use of this mcdule, as modified by the

vendor per Engineering variation V-720,

3.2.4 Chill System Installation (1A59098-3-013 A)

SEO 1A59098-3-013A authorized that check valve, P/N 1A59098-013-3, and
strainer, P/N 1A59098-013-5, be fabricated and installed in the chill system
per B/P. This was rework intended to eliminate possible interference

between the check valve flapper and strainer,

3.2.5 LH, Propulsive Vent Regulator and Shutoff Valve (1B51753-501-006,
s/R 008)

SEO 1B51753-501-006 suthorized production acceptance testing and use for

checkout purposes of this valve instead of P/N 1B51753-503.

3.2.6 Pressurization Control Module Assembly {1B56653-501-002, S/N 00018)

SEO 1B56653-501-002, & salvage SEO initiated by FARR A180211, authorized
the rework required to eliminate leaks caused by slight misalignments due to

coupling short lengths of large diameter tubing.

3.2.7 Time Deley Circuits Module (1B59020-1-001, S/N 016)
8EO 1B59020-~1~001 authorized relocating the tab on card Q6 to correct its

location.

13
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3.3 Scope Change (SC) and Engineering Change Proposal (ECP) Verification

Verification of SC/ECP's which affect this stage have been listed on the
DD829-1 form included in the Stage Log Book. SC's and ECP's which could not
be verified prior to stage deliverygfas a8 result of equipment shortages,
have been verified to the extent of completion by Douglas/AFQA personnel, -
'and recorded in the Stage Log Book on & separate form, SC's scheduled for
accomplishment after turnover are listed in the Turnover Documentation
section of ihe Stage lLog Book. Verifications are detailed in the following
three paragraphs as SC/ECP's incorporated in the initial design; SC/ECP's
incorporated and verified at DAC; and SC/ECP's pending incorpofation and/or

verification.

3.3.1 Scope Changes/Engineering Change Proposals Incorporated in
Initial Design :

The following SC's and ECP's were part of the original engineering release,
and were therefore incorporated in the initial design:

a. SC 1016B, authorized by CCO's 21 and 29, deleted provisions
for stage retro-rockets,

b. SC 1027B, authorized by CCO 40, provided for the incorporation
of a recirculation type chilldown system.

c. SC 1075B, authorized by CCO's 35, k2 and 55, increased
propellant tank wall thickness to accamodate increased J~2
engine head pressure,

d. SC 1096, authorized by CCO 25, removed the fiberglass heat
barriers which had insulated the forward and aft skirts from the
cryogenic propellant tanks,

e. SC 1104A, authorized by CCO's L9, 5k, 76, T7, 160, 207, and 238,
provided for the redesign of the umbilical propellant fill and
drain couplings.

£, SC 1115, authorized by CCO's 51, 117, 250, and 251, provided
for the implementation of MSFC specifications for preliminary
vibration, acoustic, and shock tests.
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(Continued)

SC 1151, authorized by CCO's 113, 15b, 235, and 356, provided
for hydraulic system design changes to . increase sysiem pressure,

SC 1152, suthorized by CCO 98, provided for the installation of

a check valve in the GH2 bleed line.

SC 1167, suthorized by CCO's 237, and 330, provided for
monitoring and checkout of the J-2 engine switches and valves.

SC 1176, authorized by CCO 79, provided that MC fittings be
incorporated into sll stage systems,

SC 1185, authorized by CCO's 125 and 187, and NASA letter 89,
provided for interface plug supervision circuits. .

SC 1195A, authorized by CCO's 1Lk0, 230, 339, 391, 397, 40T, and .

MSFC letter L336, provided for a basic static firing measure-
ment program.

SC 1204, authorized by CCO's 360, 361, 171, and 220, provided
for modification of the complete telemetry system.

SC 1211A, authorized by CCC's 185 and 233, provided for
longitudinal vibration loads.

SC 1232A, authorized by CCO's 242, and 330, revised stage
electrical system compatibility requirements,

SC 1266, authorized by CCO's 281 and 455, provided for an
auxiliary LOX pressure system.

SC 1276, authorized by CCO 273, prcvided for electrical
interface connectors and cables.

SC 1277, authorized by CCO 265, provided for S-IVB/V Flight
vehicles emergency detection system.

SC 1278A, authorized by CCO 271, provided for the redesign of
the circuitry for the stage coarse loading potentiometers.

SC 1282, authorized by MSFC letter TD-48, provided a mounting
bracket for the stage to instrument unit connectors.

SC 1295, authorized by CCO 282, provided certain hardwire
measurement capability through the umbilical, Several measure-
ments were changed from DDAS to hardwire, and certain hardwire
measurements were changed to DDAS,

SC 1297A, authorized by CCO's 28k and 330, provided that the
forward skirt venting system be modified,

15
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3' 3.1 (Continued)

w. BSC 130k, authorized by CCO 288, provided for the reduction of

LH2 tank pressure, with associated design changes,

X. SC 1306, authorized by CCO 296, provided the necessary paper-
work to reflect the change of status of the EBW firing units to
govermment furnished parts.

y. SC 1354, authorized by KASA letter I-CO-1-1205, incorporated the
new range safety controller, P/N LOM32016, supplied by MSFC,

z. SC 1363, authorized by CCO 329, provided an on - off control
system for the telemetry transmitter.

aa. SC 1390, authorized by CCO's 201 and 341, provided for the
removal of telemetry circuits monitoring the APS,

ab., ,SC 1400, authorized by CCO's 354, 429, and 508, provided for
revigsed channel assignments,

ac., ECP X005, suthorized by CCO's 365 and 406, provided for the
allocation of discrete launch signals to the separate bilevels
on the PCM/DDAS.

ad, ECP X0L3, authorized by CCO's 409 and W68, provided individual
internal/external control of the range safety receivers and
EBW firing units.

3.3.2 Incorporated and Verified Scope Changes/Engineering Changs
Proposals .

The following SC/ECP's have been incorporated and verified by Douglas/AFPQA

personnel, with concurrence recorded on the DD829-1 form in the Stage Log
Book:

a. SC 1045B, authorized by CCO 118, documented the design criterie
for the Douglas evaporative heat transfer system used to
condition the NASA instrument unit, and the stage forward skirt
electronic components.

b. SC 1124, authorized by CGO 259, provided closed loop check-
out capability for the stage range safety command RF system,

c. SC 1153A, authorized by CCO's 163 and 280, provided for the
redesign of the propellant utilization system, to enable rapid
installation of system components under prelaunch conditions at KSC.
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d.
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SC 1187, authorized by CCO's 136, 172, and 330, installed the
MSFC furnished control accelerometers and rate gyro. '

SC 1189, authorized by CCO's 111 and 126, provided for the design,
release, and manufacture of the necessary parts and documents
for the two-hour and four-and-one~half hour translunar coasts.

SC 1193, authorized by CCO 156, provided for the redesign of
the LOX tank vent line and supporting hardware,

SC 1203, authorized by CCO 168, provided for RPM measurement of
the LOX and LH2 turbopumps.

SC 1205, authorized by CCO 173, provided for the installation of
three additional interface connectors.

SC 1207, authorized by CCO's 197, 213, 330, 343, and Ulk, provided
for the modification of the propellant utilization system.

SC 1218, suthorized by CCO's 202 and 330, provided for a
recirculation type chilldown system.

SC 1219, authorized by CCO 201, provided for the removal of the
telemetering circuit monitoring the APS.

SC 1326, authorized by CCO 279, 496, and 595, provided for
recirculating chilldown pump pressure measurements,

SC 134k, authorized by CCO 712, provided for the S~-IVB/V "LEM"
oxidizer tank assembiy.

SC 1274, authorized by CCO's 264 and 330, provided short circuit
protection for the power supplies.

SC 1241, authorized by CCO 222, provided an additional sensing
element for the engine cutoff circuit,

SC 136L4, authorized by CCO's 368, 459, and 602, incorporated
modifications called out in the J-2 engine interface document.

SC 1376A, suthorized by CCO's 395 and 467, provided for the
reduction of trapped propellants at burnout,

SC 1397, authorized by CCO 351, provided for the necessary
safety measures in the charge ullage ignition and charge
ullage jettison command circuits to prevent inadvertent firing
or Jettisoning of the ullage rockets.

ECP X021, authorized by CCO 363, provided for static test
monitoring of the engine turbopump RFM,
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(Continued)

ECP X056, authorized by CCO's 413 and 572, provided that con-
secutive reference designation numbers be assigned to stage

relays.

ECP X071, suthorized by MSFC letter I-V~8~IVB~E065-28, provided
for the transmittal of T/M documentation and modification of the
T/M calibrator.

ECP X082, authorized by CCO's L3k and 539, provided new engine
transducer design requirements.

ECP X083, authorized by CCO's 438 and 568, provided for

~additional T/M measurements.

ECP X085, authorized by CCO bsh, provided for the redesign of
the engine cutoff circuitry.

ECP X092, authorized by CCO's 451 and $39, provided for
additional MSFC flight control wiring.

ECP X099, authorized by CCO 461, provided for additional hardwire
measurements through the umbilical.

ECP X113, authorized by CCO's 472 and 539, provided a method for
implementing the secure range safety command system,

ECP X11b, authorized by CCO 482, provided for independent
excitation of power supplies.

ECP X12k, suthorized by CCO's 506, 539, and 562, provided for
chenges in the stage for Rocketdyne ECP compatibility.

ECP X134k, authorized by CCO's 526, 573, and 636, provided for
the redesign of the J-2 engine electrical interface.

ECP X136, authorized by CCO's 329, 538, and 631, provided for
the release of a coolant system common to both the S-1B and SV
stages.

ECP X137, authorized by MSFC letter I-V~S~TD-65-53, defined the
programmed mixture ratio,

ECP X165, authorized by CCO 567, provided for reprogramming of
launch conirol measurements,

ECP X176, authorized by CCO 587, modified the thrust structure.

ECP‘XIYB, authorized by CCO 597, provided for the release of a
stage positive pressure system.
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3.3.2 (Continued)

aj. ECP X198, authorized by CCO's 658 and 692, revised the engine
thrust OK circuits.

ak. ECP X199, suthorized by CCO 634, provided for the redesign of
APS modules.

al. ECP X209, authorized by CCO 847 and NASA letter L96, revised
forward skirt paint requirements,

am, ECP X221, authorized by CCO 693, provided for the redesign
of APS Gemini engine nozzle supports.

an. ECP X217, authorized by CCO 698, provided black teflon hoses for
the hydraulic system.

ao. ECP X239, authorized by CCO 729, provided for implementation of
the safing engine start circuits.

ap. ECP X535, authorized by MK/WK, modified the propellant tank
electrical feedthru,

3.3.3- Scope Changps/Engineering,Chaqgg Proposals Pending Incorporation
and/or Verification

The following SC/ECP's had not been fully incorporated and verified at

the time of stage turnover to FTC. Of these, some were partially verified,
to be completed at FTC, and some were to be incorporated and verified after
turnover. |

a. SC 1247, authorized by CCO 227, provided for mounting brackets
for four EBW firing units and pulse sensors.

b. SC 1312, suthorized by NASA letter TD-64-101, reduced tolerances
on dome segments.

c. SC 1383A, authorized by MSFC I-CO-SD-4~1616, provided for the
incorporation of dual diaphrsgm switches.

d. ECP X109, authorized by CCO's 476, 524, and 599, provided for
measurement changes on the S-IVB/V flight stages.

e. ECP X1lk, authorized by CCO 482, provided for independent
excitation of power supplies,

f. ECP X117, authorized by CCO's 374 and 547, provided for the
installation of an instrumentation probe and quality meter.
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ECP X119, authorized by CCO's 502 and 586, provided for venting
of the 5-IVB stage liquid hydrogen tank.

ECP X126, authorized by CCO's 511, 551, 578, and 607, specified
manufacture and installation of cryogenic repressurization
systems,

ECP X132, authorized by CCO's 383, 422, L35, 508, and 516,
provided for a Model DSV-~4B-229 analog measuring system kit.

ECP X13k4, authorized by CCO 537, provided for redesign of
the J-2 engine S-IVB stage electrical interface.

ECP X147, authorized by TD 151, provided for the additon of
relays to the 28V aft power distribution panel.

ECP X162, authorized by NASA letter TD-65-78, provided purge
requirements for the J-2020 and subsequent configuration engines.

ECP X171, authorized by CCO's T9 and 582, provided flared tubing
for all S-IB and S5~V stages.

ECP X180, authorized by NASA letters TD-65-48, LT40, and 1972,
specified certain changes to mission control measurements.

ECP X181, authorized by CCO 659, provided for implementation of
the cryogenic repressurization system.

ECP X188, authorized by CCO's 611 and 647, provided for the
measurements of the secure command system,

ECP X190, authorized by NASA letter I1-C0-S-IVB-5-762, provided
an active environmental control system for the forward skirt,

ECP X196, authorized by CCO 705, provided for rework and redesign
of the rate gyro intercostal support.

ECP X20k, authorized by CCO's 650, 661, 670, and 708, deleted
pad safety and minimum liftoff pressure switches.,

ECP X222, authorized by NASA letter TD66, modified the LH, and
LOX tank procbes.

ECP X22h, authorized by CCO 739, provided for RPM measurements
tor the recirculation chilldown pump.

ECP X227, authorized by CCO TO4, implemented these measurement
changes.

ECP X251, authorized by CCO 763, provided for stage compatibility
with the J=-2 engine,
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ECP X252, authorized by MSFC letter I~CO~-S-IVB-6-63, provided -
shot peening requirements for APS oxidizer tanks.

ECP X255, authorized by FASA letter I-CO-SIVB~6-130, provided
for envirommental conditlioning of the Model II switch selector,

ECP X262, authorized by CCO's 813 and 853, and MSFC letter
I-C0~SIVB-6-198, modified the EDS cutoff circuits,

ECP X26L4, authorized by CCO 781, deleted accelercmeter and rate
gyro provisions,

ECP X267, authorized by MSFC letter I-CO-SD~I-131-66, provided
for utilization of the DSV-LUB-T73 test plug.

ECP 0271, authorized by CCO 798, provided additional measurements
for the range safety system,

ECP 0273, authorized by CCO 837, provided for deletion of

LH2 tank translunar vent termination pressure switch.

ECP 0277, authorized by CCO 801, provided for deletion of the
pyroctechnic connection Aispersion systenm,

-

ECP 0278, authorized by CCO 809, rechanneled telemetry measure-
ments to change sample rates.

ECP 0281, authorized by MSFC letter I1-C0-SD-1~192-66, provided
for the design of a stage coolant system,

ECP 0288, authorized by CCO 791, provided for incorporation of
J=2 engine ECP NA-J2-451.

ECP 0295, authorized by TD-66-1L, provided for maximum heat
trajectory insulation. :

ECP 0302, amuthorized by MSFC letter I-CO-SIVB-6-485, provided for
an LH2 slosh filter and guidance system computer N/F filter design.
ECP 0304, authorized by CCO 886, deleted the vent termination
pressure switch.

ECP 0313, authorized by CCO 860, provided for the installation
of modules in signal conditioning racks.

ECP 0314, asuthorized by MSFC letter 1—60~SD-L-329-66, provided
for the rework and installatiocn of the Model Il switch gelector.

ECP 0318, suthorized by MSFC letter I-CO-SIVB-6<519 and CCO 956,
modified the range safety controller safing plug.
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(Continued)

ECP 0420, authorized by MSFC letter 3u48, provided for the
multiplexer temperature conditioning shroud.

ECP 0432, authorized by MSFC letter 772, provided for the
installation of flight measurement C013-k01,

ECP 0341, authorized by letter L307, provided for a Calmec low
pressure cold gas check valve.

ECP Ob43, authorized by CCO 879, provided for the installation
of the hazardous gas detection system,

ECP Ou49, authorized by MSFC letter 313, provided for the
modification of the forward gkirt thermo-conditioning panel.

ECP 035k, suthorized by letter L307, provided a thermal barrier
for the ambient helium f£ill system.

ECP 0355, authorized by letter L307, provided for the redesign
of the LH2 pressurization diffuser.

ECP 0364, authorized by letter L307, added a check valve to the
APS helium supply line.

ECP 0421, authorized by letter L772, added telemeiry measurement
K151.

ECP ObbLl, authorized by MSFC letter I-CO-SIVB-6-TT9A, provided
for rework of the remote analog subtmultiplexer,

ECP ObLL, authorized by letter L323, provided for installation
of wires in wire harness branch LO3wk,

ECP 0b50, authorized by letter L323, changed the auxiliary
tunnel cover.

ECP 0456, authorized by MSFC letter 319, provided for a wire
change to branched wire harness L411W295.

ECP Ok66, authorized by letter L805, modified the propellant
utilization static inverter/converter telemetry voltage supply.

ECP 071, authorized by MK/WK, provided for the installation of
comuon bulkhead pressure transducers.

ECP 0479, authorized by letter LL59, provided wiring changes
for PAM inputs to the DDA unit.

ECP 0481, authorized by MK/WK, provided for hi-lok changes in
the aft skirt.
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ECP 0486, authorized by MSFC letter 96k, provided for the
replacement of diodes in the inverter/converter.

ECP 0488, suthorized by letter L348, provided for the
installation of ullage pressure transducers on the forward dome,

ECP 0490, muthorized by MSFC letter 685, provided for the
redesign of checkout valve 1BS3817.

ECP 0L93, authorized by letter L4l6, redesigned the LOX and LY,
chilldown systems shutoff valves.

ECP 0504, authorized by MK/WK, provided for reconfiguration of
the helium pressure regulator module.

ECP 0505, authorized by letter L398, modified the breakpoint
module amplifier.

ECP 0510, authorized by letter LU59, installed coaxial cable
assembly 411Wl2.

ECP 0511, authorized by letter LL59, redesigned the LH2 chill-
down shutoff valve purge line. A

ECP 0519, authorized by letter L3TL, provided for redesign of
the impingement curtain,

ECP 0533, authorized by MSFC letter L18, provided for
temperature and pressure transducer installation.

ECP 0534, authorized by letter L459, provided for redesign
of tank relief valves, P/N's 1A49590 and 1A49591.

ECP 0542, authorized by letter L8T4, revised the PCM RF assembly
Model 11,

ECP 057, authorized by MSFC letter 988 and CCO 966, provided
for the bi-level summing network module,

ECP 0565, authorized by MSFC letter 465, provided for redesign
of the fill and drain valve, P/N 1AL8240-505.

ECP 0567, authorized by CCO 968, provided for J-2 engine
temperature measurements.

ECP 0575, authorized by MSPC letter 465, provided for the
rework of auxiliary hydraulic pump assembly.

ECP 0592, authorized by MSFC letter 573, proviaed for the
deletion of APS helium £ill module.
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bw. ECP 0600, authorized by MSFC letter 489, provided for the
rework of the engine driven pump check valve.

bx. ECP 0601, authorized by CCO 993, provided for LOX tank bolt
and nut change.

by. ECP 0605, authorized by MSFC letter 487, provided for
emergency detection system transducer vibration isolation.

bz. ECP 0613, authorized by MSFC letter 1176, provided for
replacement of hydrogen hose support bracket bolts.

ca, ECP 0622, authorized by MSFC letter 617, provided for insulation
resistance test for 10 amp relay.

cb. ECP 0630, authorized by MSFC letter 500, provided for re-
configuration of the LOX inlet duct.

cc. ECP 0633, authorized by MSFC letter 617, provided for the

rework of LH2 propellant duct resilient mounts.,

cd. ECP 0639, authorized by MSFC letter 617, provided for the
relocation of the pressure transducer.

ce., ECP 0651, authorized by MSFC letter 685, praevided for the
chilldown inverter core reset resistor.

cf. ECP 0801, authorized by letter L319, provided for rework of the
LH2 pressurization module strap.

cg. ECP 0808, suthorized by MSFC letter 685, provided for transducer
mountings for measurement D-055.

ch. ECP 0809, suthorized by MK/WK, modified a wire harness for the
pover input for measurement D055,

3.4 Reliability Time/Cycle Significant Items

Accurate up-to-date time/cycle data for the twenty-five time or cycle signi-
ficant items as detailed in drawings 1B55425H and 1B55423 are found in the

tabulation that follows.
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4,0 Detailed Narrative - Stage Checkout

A detailed narration of stage checkout is presented in this paragraph. The
major subparagraphs comprising the detailed narrative are: L.l Stage

Checkout - STC; k.2 Stage Checkout - 8SC; and 4.3 Stage Manufacturing Tests.
Each of these major subperagraphs is further subdivided to the degree required

to present a complete historical record of stage checkout.

Permanent nonconformances and functional failures affecting the stage have
been recorded on FARR's, and are referenced by FARR serial number throughout
this paragraph (e.g. FARR A2é9757). The FARR's referenced in paragraph L,1
are presented in serial number order in section 1 of Table I; and those
referenced in paragraphs 4.2 and 4.3 are similarly presented in sections 2 and

3 of Table 1.

4.1 Stage Checkout - STC

Checkout of the stage at STC began in October 1966, and was terminated by the
stage destruction on the Beta III Test Stand on 20 Janusry 1967, following

the placing of the stage on internal power. This paragraph covers those stage
checkoﬁt drawings which were performed as part of the prefiring activity
designed to ready the stage for static acceptance firing. Several procedures
wvere incomplete at the time of the explosion, and were impounded. These pro-

cedures are not written up in this report.

4,1.1 Propulsion System Tests

The two prefiring propulsion system checkouts which had been completed and
sold prior to the countdown were the automatic system checkout and the manusl

system leak check conducted preliminary to firing.
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FARR's A218978 and A218979 noted that the LH, vent and relief
valve, P/N 1AU8257-507-002, S/N 0038, relieved at 38 psia. It
should have relieved at 37 psis maximum. The valve was removed
and replaced.

FARR A218986 contained the information that adepter assembly,
P/N 1Ak9958-517, S/N 87, leaked, and that the LH; tank pressure
switch pickup and dropout pressure would rnot hold st 37 psia.
The adapter was returned to the vendor for rework.

FARR's A21903€ and A2190L43 noted that the OsHo burner control
valve, P/N 1BL3660-507, S/N 2704, leaked at 60 scim, which
exceeded the 12 scim limit. The valve was removed and replaced,
and returned to the vendor.

FARR A2190k1l reported that water was suspected on the actuator
nousing of propellant valve, s/N 107, on burner, P/N 1B59010.
The valve was purged and tested for water content using an nygrometer.

FARR's A219046 and A229751 noted that the LHp bidirectional vent
valve, P/N 1A49988-1, S/N 0013, leaked at the seat at the rate
of 9000 scim. The valve was removed and replaced,

Per FARR A22972G, & bolt was twisted off in the hole on tube
assembly clamp bracket welded to the top of the dome of the O-H,
burner, P/N 1B62600-505, S/N 05. The broken section of bolt was
removed, the threads were cleaned, apd the clamp was fastened
per B/F.

FARR A229732 reported on several scratches on the attach flange
on the LOX chilldown shutoff valve, P/N 1A49965-521, S/N 6207.
The flange face was resurfaced and refinished.

FARR A229738 noted a fast bubble leak at the junction of the LCX
chilldown oump, P/N 1849L23-505, -S/N X1761, and the shutoff valve.
The pump was removed and replaced.

FARR A229740 reported on fuzz lesks at the interface between the
microswitch and actuator housings, and vetween the contrcl line
adapter and the LOX prevalve housing. The leakages were accepted
for use,

Per FARR A22976k, there was no talkback from LOX shutdown valve,
P/N 1B664B5-1.1, S/N 02, in the closed psoition. A wire, which
had been disconnected, was reterminated per B/P, correcting the
condition,
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4,1.2 Environmentsl Control System, Forward and Aft Skirt Purge (1BL374O A)

Between 10 and 15 November 1966, a manual H&CO procedure tested the environ-
mental control system installation, P/N 1A77551, and the forward and aft skirt
purge systems. The forward skirt purge system checkout included a visual
inspection, a pressure check, a heater performance check, and a check of the
GNo vackup system. The aft skirt purge system checkout included a visual
inspection, blower operation check, a heater performance check, and shop air

supply system.
There were no revisions or discrepancies recorded.

4.1.3 Electricael/Electronic Systems Tests

Twelve prefiring H&CO's pertaining to stage electrical/ electronic systems
were availeble for this report. For purposes of exposition they are subdivided
as follows: N

a. Power distribution tests - paragraph k.1l.3.1.

b. Unmbilical interface compatibility check - paragraph 4.1.3.2.

c. Propellant utilization tests - paragraph 4,1.3.3.

d. Level sensor and control unit calibration - pearagraph 4.1.3.h4.

e. Cryogenic temperature sensor verification - paragraph k,1,.3.5.

f. Single sideband tests - paragraph 4.1,3.6.

g. Telemetry system test - paragraph 4.1.3.7. -

h. Digitel data acquisition system test - paragraph L4.1.3.8.

k,1.3.1 Power Distribution System Tests

The three power distributic. . stem checkouts were performed to ensure the
proper function of the system components; to verify the abllity of the

autanated GSE to activate, control, and deactivate stage power; and to ensure
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Lk.1.3.1 (Continued)
that power busses were not subjected to excessive static loads. The three
procedures were:

a. Stage power setup.

b. Stage power turnoff,

¢. Power distribution system.

4,1.3.1,1 Stags Power Setup (1B55013 B)

Performed on 7 November, accepted by Engineering on 8 November, and certified
OK to file on 1k November 1966, this automatic checkout contained the steps
which verified the onerational capability of the ACS to control and activate
the stage electrical nower distribution system prior to automatic checkout
activities. These procedures also ensured that the stage forward and af+
power distribution systems were not subjected to excessive static loads during
initial set up sequences, and verified capability of the GSE to control power
switching to and within the stage. Nine revisions were made to this checkout
as follows:

a., Seven revisions were written to correct program errors or change
program parameters and tolerances.

b, Two revisions detected, investigated, and corrected for the dual
talkback on the LOX prevalve.

There were no malfunctions reported.

4,1.3.1.2 Stage Power Turnoff (1BS581%4 A)

Autonatic aand manual nrocedures to shut down the staze mower distribution

system after thne comrnletion of stage system checkout verified +the capability
of the GSE to conbrol power switching to and within the stage, Successfully
conducted on 7 November 1966, the tests ware accepted on ° liovemter, and the

documentation was completed and accepted on 14 November 196€.
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4,1.3.1.2 (Continued)
Of six revisions, four corrected program errors or altered program parameters,
and two detected, explained, and corrected dual talkback of the LOX

prevalve,

Three failure and rejection reports were prepared as a result of this test.
They were:

a. FARR A218835 reported on five wires damaged, exposing the conductor,
on cable assembly, P/N 1B63297-1. The wires were temporarily
repaired for static firing.

b, FARR A218976 noted that module, P/N 1BLO6OL-1, showed a voltage
on the check bus, caused by an apparent short from pin JIR to
rin J1F through the diode. The wires were relocated to the pins,
externally to the module.

c. It was reported on FARR A218977 that nylafil cable standoff
bracket, P/N 1B37286-501, had stripped screw threads. Cables,
P/N's 1B66946-1 and 1B58264-1, therefore could not be clamped.
A keensert was installed in the standoff. The cables were
clamped in place,

h.l.3.l,3 Power Distribution System (1B55815 B)

The automatic and manuel sequences provided in this procedure enabled checkout
personnel to function the power distribution system and evaluate responses

of items under test with the aid of the ACS. The tests established

" the capability of the ACS to contrél power switching to and within the stage;

and the sbsence of excessive static loads.

The procedure wes pertowmed twice, because the first run, conducted on 10
November 1966, wes not acceptable to Inspection and Test, Engineering comments
indicated that two minor oroblems were encountered during run one. The pulse
sensor off indicator was -o¢ on, and there was a loose connector P-28 on

wire LOLA2A28J-1.



Douglas Report DAC-56505

4,1.3.1.3 (Continued)
Run two was successfully conducted on 11 November 1966, and the test

documentation was filed on 1 December.

There were eight revisions written as follows:
a. One revision provided for rerunning the test.

b. Two made changes to the program in order to cope with changes in
GSE and control circuit patching.

c. One revision changed the program because point level sensor
disarm tammand 03141504 was placed on switch selector channel 98,

d. One revisibn corrected a program error.

e, Two provided for acceptance of out-of-tolerance parameters.

f. One revision corrected test parameters to account for the parameters
of & newly substituted part.

There were no functional failures on record.

%,1.3.2 Umbilical Interface Compatibility Check (1B64316 A)

A manual HECC procedure vrovided the steps to check the integrity of the stage
umbilical wiring to assure that proper loads were present on all power

busses, and that the control circuits for propulsion valves and safety items
on the stage were within prescribed tolerances. The test was conducted

between 7 and 27 November 1966.

Eight revisions were written, as follows:

8. FPour revisions were made to accept slightly out of tolerance
resistance values.

b. One torrected procedural errore.

cs Three revisions added and clarified steps in the procedure.

There were no deviations recorded.
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4,1,3.3 Propellant Utilization System Tests

The prefiring checkout of the propellant ut{lization system was accomplished
by means of & manual procedure, designed to set up and calibrate the system;

and an automatic system checkout.

4.1.3.3.1 Propellant Utilization System Calibration (1B6L368 A)
Thé PU system calibration and verifigation consisted of the following steps:
a. Verification of static inverter/converter output voltages.
b, LH, and LOX bridge empty and full calibration.
c., Data acquisition of the LH2 and LOX bridge position.
d. LH, and LOX bridge slew checks (1/3 and 2/3 slew).
e. Reference mixture ratio (RMR) calibration.
f. LH2 and LOX bridge linearity checks.

g. Verification of hardwire loading circuits.

The manuel calibration procedure was run twice, as it was found during the
bridge linearity checks that the PU test set, Model 248, S/N 00002, had
a resistor shorted. The test was conducted between 30 November and 7

December 196€.

Three revisions were mede to run one. One put a étep into the procedure that
had been left out in error; one required that helium with 99 per cent or greater

purity be used tc nurse prorellant tanks befcre PU calibration; and the third

revision deleted steps to be completed during the second run.

The second run had one revision which revised coarse mass pot tolerance to

compensate for the lower reading in the "full" retic calibration point.

There were no FARR's recorded against this test.



[y

. Douglas Report DAC-56505

4.1.3.3.2 Propellant Utilization System (1855323 C)

Verification of propellant utilization system was conducted automatically
on 6 December, and the test results were certified for filing on 22 December
1956. The following comprised the general test sequence:
a8, Initial conditicns were set and verified, power was applied,
the PU electronic esssembly static inverter/converter was
allowed tc stabilize, and the PU essembly and oven internal

temperatures were checked.

b. The LCX and fuel bhridges were checked for zero balance, along
with the PU System ratio valve output null voltage.

¢, Valve movemant was verified.
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he first run was unacceptable to Engineering
due tec a DDT error for NASA measurement MO10, The DDT hed a curve for O to §

., _
vde in lileu of z zero to 15 vde,

Yeour revisions were written as follows:

a. The first exvlained why ran 1 was uvnacceptable, and allowed

¢ & check of the abvility of the PU system to slew
ive in either direction, to completely validate
ne aystem to make maximum retio corrections.

8

made to canply with a NASA request.
c. One revision corrected s program error.

d. The finel revicsion reran the PU valve movement test with GIS
T ~hart 48 to provide necessary data.

-y

o functional failures were resorted cn FARR's,
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4.1.3.4 Level Sensor and Control Unit Calibration (1B4L473 B)

£ manual HRCO procedure was conducted between 8 November and 8 December 1966
to adjust the operating point of the point level sensor control units to an
operating level well within the limits of the capacitance change created in

these units by & simulated wet condition RACS command.

The procedure was successfully completed after two revisions and one FARR
were written., One revision provided for the cglibration of sensors not
calibrated at SSC, and the second set up the fourth depletion sensors in the
fuel and LOX tanks. FARR A229765 reported that on cable, P/N 1356380-1, pin
11 of Deutsch’connectorvhlIWIIPlz was broken. The damaged pin was removed

and replaced per B/P.

L.1.3.5 Cryogenic Temperature Sensor Verification (1Bh4iL71 B)

The purpose of this manuel procedure was to check out each temperature sensor
whose normal operating range did not include ambient temperature. The checkout

was conducted between 1lh4 October and 7 December 1966.

One revision was made to delete parameters CO 382 and CO 390, since they no
longer existed and had been deleted from the IPCL. There were no other

discrepancies recorded.

4,1.3.6 Single Sideband System Tests

Two test procedures were performed to check out the single sideband system.

The setup activities which required manual effort on the part of test personnel,
as well as system calibration, were conducted as part of the manual operations
procedure. 1Ine :vstem was functionally inspected by means of the automatic

system checkout ﬁrocedure.
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4,1,3.6.1 Single Siceband System Manual Operations {1B53655 4)

Sonducted between 12 November 1686 and 6 Jenuary 1967, this manual checkout

provided detalled coverage for energizing all necessary test equipment,

@

verifying the ready state of the GSE demultiplexer, and the flight equipment,
The {light equipment tested consisted of transducers, signal conditioners, &
multiplexer, single sidebani translatcr, composite signel amplifiers,and F/M

transmitter with its attendant amplifier and RF switching equipment.

Light revisions were made to this checkout es follows:
ifier main in order tc proceed with the checkout.

», Ore revision recamputed rolloff characterictics, eand corrected
sr ground staticn demultiplexer effect.

st certain pleces of eguipment were no longer
i

recified that this checkout was run in conjunction with
=~ 2 of HACO 1B55518.

nod for manual verification of amplitude

£, Ome nrovidad for cennecting a reldentified cable connection.
zion acrepted come miner out-of-tclerance readings.

h. The final revisior deleted vartz not applicable to this checkout.

There were Tive failure and rejection reporsts writter in conjunction with
< “

.
this checkcul,,

s, TFARR'g A218988, AZ15952, end AP1B99Q7 reported on out-of-tolerance
osutput volimges Irom amplifier;?/? 1 1ABE500.5, and transducer,
] - . -
B/ 1a6R707-8, S/N 720. The emplifier and transducers were

removed snd scrapped.

l noted that the eutc calibretion output from

b, PARR AZ1EGY he
arclifier, T/ 1568,07-a, S/% 398, was 5.05 volts peak-to-
peax‘instead af 4,0 volte. The mmplifier was scrapped.

¢, PARR A218999 feported on out-of-tolerance RACS output from
transducer, P/F 1A88599-1, S/N MAOk, The transducer was accepted
following retest.




Douglas Report DAC-56505

4,1.3,6.2 Single Sideband System (1B55818 B)

This test used the automatic checkout system (ACS) and the Model 126 ™M /M
single sideband (SSB) station to recel stage vibration and acoustical
information for reduction and evaluation. Each channel of the SSB transmitter
was checked from the originating transducer and signal conditioning unit, through
the multiplexer unit, and the translator unit, and finally at the output of the

SSB transmitter at the antenna input connection,

The following comprised the general test eguipment sequence followed:
a. Power distribution.
b. Sequencer commends.
c. Remote autometic calibration system (RACS).
d. Marker channel verification.
e. Prefliéht sweep calibration.
f. S8/ channel verification.

g. S8/FM transmitter check.

The checkout was performed twice. The first run was conducted on 14 November,
and the second run was conducted on 2 December 1966.~ The second run was
required because of numerous data discrepancies caused by program errors,

incamplete installations, and loose connections at the installations.

Nine revisions were written. BSix corrected program errors; one allowed for
the second‘run of the procedure; one allowed the disregarding of inltisl
condition malfunctions that did not affect the tests; and one integrated some

steps from manual H&CO 1B58685 into this procedure., -

There were no discrepancies recorded against this procedure.
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4,1.3.7 Telemetry System (1B55820 B)

-

An sutoratic H&OO of the telemetry system was conducted on 27 December 1966,

and 5 and 7 January 1957, and certified for filing on 17 January 1967. Three
runs had to be performed due to excessive program errors. The successful
écmpletion of the procedure verified the operational cepability of the PAM/FM/FM

end FM/FM portion of the digital data acquisition system.

Twenty seven revisions were made to update the procedure and to correct

PTOZram errors.

There were two fallure and rejection reports writien as a result of this test.

a. FARR A21G034 rgported that vower detector L11AQ7TMI72Z, P/N
1A7TLTT6-503, 5/N 2-0194%, had low output with 2.5 watts input.
The power detactor was removed and replaced.

b. FARR A225731 noted that in FMfFM telemetyy unit, P/N S50MA0032-11,

the VCC in the subcarrier oscillator shifted frequency after
netup. The unit was removed for retest.

4.1.3.8 Digital Data Acguisition System (1855817 C)

An autamatic checkout of the DDAS verified the design integrity and operation

of the system by testing the signal conditioning modules, multiplexers, digital

déta acquisiticn assemtly, and the RACS.

The test was conducted on 30 December 1366 and certified for filing on 17
January 1567. Thirty~-six revisions were made toc expedite the procedure,

update it, or correct program errors.

There were six fsilure sand rejection reports written ia conjunction with this
procedure, 3Briefly, they were:

a. FARR A219048 noted that transducer L26MI637, P/N SA-13-125TA-120,
could not be sdjusted to meet low RACS requirements, and that

39



%,1.3.8

C.

d.

hoi.k

Douglas Report DAC-56505

(Continued)

pins H to J and H to C were open rather than short. The
transducer was removed and replaced.

FARR's A219049 and A229752 reported that vibration transducer
L11IMI605, P/N 1A88599-1, S/N MAOG, hsd no amplifier output.
The transducer was returned to the vendor for rework.

Per FARR A229733, no output was obtained at channel A2-10-05.
P/C board, P/N 1B59981-1, was found to be at fault, and was
removed and replaced,

FARR's A229757 and A229758 noted that gas generator pressure
transducer DO10, P/N NAS274T10T, S/N 4851k, on the J-2 engine,
P/N 103826, S/N J-2061, had out-of-tolerance high, low, and
ambient outputs. The transducer was returned to R/NAA for
rework to specs or replacement.,

Structural Inspection (1BLOSSL A)

The purposes of this manual checkout were to verify that transportation and

handlihg had no detrimental effect on the stege structure; and to establish

the condition of the stage prior to firing for compariscn with postfire

condition.

The following prefire inspection requirements were defined:

&,
b

C.

Raceiving inspection - electrical, propulsion and structural.
Visual inspection - LH, tank interior and installation.

Visual inspection - 10X tank interior and installations.

The checkout was started on 11 October 1966 and certified complete for

£iling on 6 Januery 1967. Nine revisions were written, as follows:

&,

One set up inspection priorities.
Another deleted steps not required at this time,

A revision provided for using the hoist in the handling of the
X-ray equipment.
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L,1.4% (Continued)
d., One provided steps for X-raying all required areas,

e, One revision provided for re-X-raying of certain areas from
a different engle,

f. One provided for photographing the reworked LOX sump for
Engineering records.

g, Another provided for retorquing the helium storage tank
straps and recording the torque values for Engineering information
and records,
h. One deleted the APS fit check since that was to te dcne postfire.
i. The final revision deleted the I tank entry procedure since
this was not required prior to static firing.
There was one failure and rejection report recorded against this procedure.
FARR A22G755 reported on two instances of misapplied thermoshrink and two
instances of dameged insulation. The thermoshrink was reapplied ber 3/P, and

the contacts at which the insulation was damaged were removed and replaced,

There were no other malfunctions noted.

L,1.5 Hydraulic System (1B5582l4 B)

"

An automatic H&CO of the hydraulic system wms merformed twice because narametere

504 and G505 were not correctly calibrated iz the DDT during run 1.

Successfully conducted on 16 November, and certified forafiling on 28 November
1966, the checkout consisted of the following sequence of events:

a. Accumulator precharge test.

b. Resérvoir oil volume switch test.

¢, Reservoir oil pressure transducer test.

d. Inlet temperature test.

e, Dystem pressure test,

f. Reszrvolr oil volune position transducer test.
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k.1.5 (Continued)
g. Accumulator reservoir oil pressure test.
h, Polarity and linearity tests.
i, Freguency response tests.

je. Engine centering tests.

All the foregoing tests were performed only when the stage was in the

vertical position. Eight revisions were made as follows:

a, Two cancelled run 1 and authorized run 2,
t. Four corrected program errors.

c. Two revisions corrected test parameters in order to obtain correct
data,

There were no malfunctions recorded against this procedure,

| 4.,1.6 Integrated Systems Test (1B55831 B)

3 The purpose of this procedure was to demonstrate the functionel readiness of
the stage and facility equipment to proceed with normal prefire checkout
operations, culminating in formal countdown and acceptance firing. Specific
tests performed included:

a. Stage power turn on.
b. Radio frequency system checkout and turn on.

c. Measurement group function checks, remote automatic checkout
system (RACS% functional checks, and DDAS checks.

d. Power transfer and electrical systems functional tests.
€. Environmental control syster checks,

f. Hydraulic system turn on, engine restrainer link drop (manual),
and engine gimbal test,

g. Pneumatic console setup and checkout.

h. Propellant loading valve sled, water sled, deflector wvater,
aspirator, and GHp torch checks,
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(Continued)

Stage valve functional tests.

J-2 engine final sequence,
{
Reestablishment of stage tank and sphere blanket pressure.

Performed on 7 January and accepted on 12 January 1967, the integrated

systems

a.

o2
-

€.

fod
(G4

tast was revised by twelve revisions as follows:

-
The first change removed two electrical connections to the LE
sontinuous vent valve, to secure the valve during debugging
operations.

A revision deleted a step which was no longer required.
Y

The program was stopped to ellow propellant utilization constants
ta he loaded into the computer via paper tape.

A conditionel hold was added to the program to allow an exit
loop path for the computer.

The functional checkout of the stage forward and aft purze systems
was deleted, as these were to be functionally checked as task 26
of the countdown manual.

An additional ten saconds were added %o the time required to
bleed down pressure in a GN, line from 165 psia to less than
30 psiz.

A revision allowed the SSB transmitter to be turned on earlier
in the program, to enable the transmitter time to synchronize
with the ground station.

The lsst four revisions dealt with malfunction indications that
wera corrected by program changes, or by a rerun of that portion
of the program with no repeat of the malfunction.

FARR A229773 was written against the SSB transmitter due to excessive

warmup time required. This condition was accepted for use during static

firing by Engineering. No other major defects were noted.
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-

4,1.7 Static Acceptance Firing Countdown Procedures

This paragraph covers the static acceptance firing countdown procedure, as

well as the critical tasks accomplished as part of the countdown.

H

4,1.7.1  Countdown, Acceptance Firing (1B70264)

The countdown manual was designed to control and regulate the sixty separate
tasks required to accomplish stage preparation, propellant loading, static
acceptance firing, residual propellaht off-loading, and stage securing. The
events controlled were:

a, Critical components cycle testing.

b. Propellant loading.

¢c. LOX tank ullage pressure control.

d. Normal engine start.

e, Proper operation of the propellant utilization system.

f. Initiating an engine gimbal exercise.

g. Autamatic engine cutoff,

The countdown, number 614078, was initiated on 19 January 1967. On 20
Jenuary 1967, at 1622:40 hours, the stage exploded (reference paragraph

4,1.7.2.3).

k.1.7.1.1 Countdown Task 35 - Integrated Systems Test (1B55831 A)

Performed on 20 January 1967, the integrated systems test (IST) verified the
functional readiness of the stage and facility systems to proceed with

countdown operations and acceptance firing.

Fifteen revis’ - = were written to the procedure; briefly, they were:
a. Three dcizted steps which were not required.

b, One provided for the loading of PU constants via paper tape.
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4,1,7.1.1 {(Continued)

¢. One revision added a conditional hold point to allow an exit
loop for the computer. ~

d. One ellowed an additional ten seconds to the time regquired to
bleed down pressure in the GNp line fram 165 psia to 30 psia.

e. A revision allowed for turning on the SSB transmitter prior to
the programmed point, to allow the translator sufficient time
to synchronize with the ground system.

T ne revision set a breakpoint to provide a delay when the program
went from FM/FM 2 to FM/FM 3, prior to meking frequency checks.
Z. One provided for obtaining RF sensitive measurements when the
VEN transmitters were turned off.

h. A revision provided for the manual verification that the M/ FM
IRIG czhennel 07 was within tolerance,

i, Another explained that a malfunction of the switch selector
output monitor was caused by a defective VCO.

3. One chenmed the altitulde ejection segment to agree with ths
static reading program.

e failure of the LCX repress

kK., A revision was written to explain th
¥
tted time.

system to depresszurize in the allo

1. The ©inal revisions provided for rechecking an avparent malfunctiocn
in the LH» chilldowm inverter frequency outnput. The malfunction
did not occur upon retest.

Ho functicnel failures were reccrdedi against this procedure.

4.1.7.1.2 Countdown Tesks 40 and 41 - Propellant Loading (1B5583L)

At O71E nours on 20 Januery 1967, the propellant loading checkout was
conducted to verify the safe transfer of propellants and gasses to the stage.
Included were the following:

LH

m
.
[£5)

pretest purze.

o'
.

10X loading.

c. Lo lomding, cold and ambient helium 111,

45
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4,1,7.1.2 (Continued)

d, LOX end tank overfill sensor checks, and flow check of
a1l cold gms circuits.

e. LH, and LOX umbilicals purge.

There were seven revisions to the procedure, as recorded in the documentation

log sheet:
a, Four corrected program errors.

b. Cne changed pressure reguirements for the stage 3 GN, regulator
from 60 psia 4o 70 psia, and the tolerance from * 10 to + 20
psisa,

c. One revision change 2 part callout from "engine control bottle £111"
to "APS helium bottle supply,” as the wrong valve had been
called out.

d. The last revision provided for changing certain hydraulic system
parameters from telemetry to hardwire.

The propellent loadingz was completed at 1124:50 hours, with no malfunctions

reported.

4,1.7.1.3 Countdown Tesks 43 and L& - Acceptance Firing {1B55834)

The accepience firin~ countdown procedure provided the automatic and manual

test gecuences required to verify propulsion and systems integrated performance
e - & )

and the capability of all systems to function in & hot firing environment

generated by the J-Z engine under fuil thrust and full duration conditions.

Task 43, "Static Firing Prepsrations,” was started at 1144:30 hours on 20

January 1967. V¥ith a wind reported at 12 to 15 mph fram the southeast, an
inspection crew éroceeded to the test stand for stage and stand inspection.
This crew also installed a wind screen for thrust champer qhill protection.

At 1245, all personnel were cleared fram the test stand. Static firing
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4.1.7.1.3 (Continued)
preparations program was initiated at 1257, and, at 1340, Task Lk,

1

"Terminal Ccuntdown and Firing," wes started.

The computer gave a cutoff indication at 142L4:30 hours (T-150 seconds of
Run 14). The cutoff was attributed to a check sum error which wes detected
by the computer on the Saturn Test Oriented Langusge Library Tepe. Such an
error causes the executive to discontiﬂﬁe tape reading. To determine the
source of the vroblem, the tepe was read on the_Beta I tave unit, The tape
was verified on the Betza I computer, and was subsecuently read into the
Bete.III computer. At 1531 hours, Task 43, Run 13, was initiated. Terminal

countdown was started st 1555:50,

The following is the sequence of events fras T-20 %inutes:
2. 1602:1C - Resume at T-20 minutes, 30 seconds.
b; 1616:20 - Begin thrust chamber chilldown.
o, 1617:20 - Repressurize engine start bottle,
d. 1619:50 - LOY and LH, tank prepressurization.
e. 1620:50 - LOX flow.

f. 162

o

:20 - Plece stags on internal powver,

g. 1622:40 - Explosion resulting in destruction of 'stage,

b
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k.2 Stage Checkout, Space Systeme Center

Parsgraph 4.2 narrates the tests performed on the stege, from th; conclusion

of basic assembly to the beginning of those operﬁtions performed in prepara-
tion of the stage for shipment to STC. The stage entered tower 6 of the SSC/
VCL on 15 July, 1966. System checkouts were initiated on 21 July 1966, and
continued until 14 September 1966. Final acceptance testing activities consumed

bk two-shift working days. The stage wae removed from the tower and prepered

for shipment on 14 September 1966.

All thirty-nine tests required by the End Item Test Plan, 1B66170, were
completed. The following lists the parts which were short at the time of the
all systems test, together with the interim use parts installed for testing

purposes:

a. LOX mass probe, P/N 1A4BL30-509, was short. Simulator, P/N 1Bhok2ki-1,
was installed for checkout per SEO 1AlL9553-001.

b. 1H, continuous vent regulator module, P/N 1A51753, was noﬁ
installed., Interim use part, P/N 1B51753-501-006A was installed
per the authority of the OO6A SEO.

e, LOX feed duct, P/N 1A49969-503, was not installed. Interim
uee part, P/N 1A49969-501, was installed per SEO 1A39300-0G3.

Paragraph 4.2.1 through 4.2.6 describe the following eix major areas tested:
Gnbiliecal Mechanical Mating; Environmental Control System; Electricail/Elec-

tronie Systems; Propulsion System; Hydraulic System; and All Systems.

4.,2.1 Unmbilical Mechanical Mating

Two test procedures were conducted to ensure that the forward and aft jmbilical
kits were mated propérly. The urbilical kits are the interface link cdnnecting
the stage to GSE electri~:i, pneumatic, and air conditioning functions, and

must be properly mated before stage systems tests can be conducted.
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4.2.1 (Continued)
The two test procedures were:
a. Usbilical kit, aft - checkout stand.

b. Umbilical kit, forwaerd -~ checkout stand.

b,2,1,1 Umbilicel Kit, Aft - Checkout Stand (1B57918 F)

The aft umbilical kit was installed on 27 July and removed on 10 September

1966. Engineering acceptance was certified on 15 September 1966.

There were no revisions incofporated in the log sheet; however, one failure and
rejection report was written. FARR A216761 nozed that the plug on wire har-
ness LOLWiS5JL, P/N 1B50233-1, S/N 0000k, was damaged at the keyway. The damaged
end was deburred and finished per MIL-C-5541. Retermination was effected, and

the rework was accepted.

4,2.1.2 Unbilical Kit, Forward - Checkout Stand {1A57920 C)

The installation of the forward umbilical kit on the stage was accomplished on
27 July 1966. The kit was removed, at the completion of system checkouts, on

14 September 1966, and the results of the procedure were accepted by Engineering
on 15 September 1966,

There were no revisions or failures recorded.

L.2.2 Environmental Control Systems Tests

Three test procedures were performed to: check out the forwvard skirt thermo-
conditianing system prior to stage systems checkouts; operationally verify the
gystem; and check out and secure the system subsequent to finel acceptance
checkouts. A fourth procedure was run to establish the function and integrity of

the aft skirt and interstage themmo-conditioning and purge system.

49
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4,2.2,1 Porward Skirt Thermo-Conditioning System Pre-Checkout Procedure
!13&1226 A)

The ability of the forward skirt thermo-conditioning system to sustain

autamatic systems checkout activities wes ascertained on 25 July 1966.

Acceptance was made by Engineering on 26 July 1966.

The only revision to the procedure noted that the "off" position on the
temperature control switch was marked "normal”. There were no functional
fajlures requiring the preparation of rejection reports.

h,2.2.2 Forward Skirt Thermo-Conditioning System Operating Procedure
(1852125 A)

The setup and operation of the Model 359 thermo-conditioning servicer for
normal operation during automatic system checkout was detailed in this

procedure. Servicer setup and hook-up took place on 26 July 1966, and dis-

connection wes accomplished and verified on 15 September 1966.

One revision to the procedure specified that the fluid temperature control

switch should be set on "normal”. No failure and rejection reports were

written.

4,2.2.3 PForward Skirt Thermo-Conditioning System Postcheckout (1B62965 A)

A system cleanliness check, a leak check, and a humidity check were conducted
on the forward skirt thermo-conditioning system, subsequent to stage system
checkouts, between 14 and 16 September 1966. All three checks were performed

satisfactorily, with no revisions or functional failures reported.
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b,2,2,4 Aft Skirt and Interstage Thermo-Conditioning and Purge System
TBLOSLE

The proper flow distribution end integrity of the aft skirt and interstage

purge system were confirmed betwean 27 and 28 July 1966.

F{ve revisions, noted in the log sheet, included three pertaining to the fact
that the thrust structure purge supply could not be clamped, and two involving

a flow test on the thermo-~conditioning shroud.

There were no malfqnctions noted.

4.,2.3 Electrical/Electronic Systems Tests

In the following thirteen major subperagraphs, the chedcout of each electrical/
electronic system on the stage is described:

a, Power distribution system tests - paragraph 4.2.3.1.

b. Continuity compatibility checks - paragraph L4.2,3.2,

¢. Propellant utilizetion system tests - paragraph 4.2.3.3.

d. Level sensor and control unit calibration - paragraph 4.2.3.k,

e. Exploding bridgewire system - paragraph 4.2,3.5.

£. }Rang‘e gafety system tests - paragraph L4.2.3.6.

g. Cryoéenic temperature sensor verification - parsgraph 4.2.3.7.

h. Signal conditioning setup - paragraph 4.2.3.8.

i. Single sideband system tests - paragraph 4.2.3.9.

J» Telemetry system tests - paragraph 4.2.3.10.

k. Digital data acquisition system tests - paragraph 4.2.3.11.

1. Telemetry and range safety antenna system test - paragraph 4.2.3.12.

m. APS simulator test - parsgraph 4.2.3.13.
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k,2,3,1 Power Distribution System Tests

The function and integrity of the stage power disfribution system, as well ¢:8
the ability of the autamstic checkout system (ACS) to activate, control, snd
deactivate stage electrical power, were verified by three tests as follows:
8. Stage power setup.
b. Stage power turnoff.

c. Power distribution system asutomatic checkout.

4.2.3.1.1 Stage Power Setup (1B59040)

The ability of the automatic checkout system {ACS) to activate and control
stage power distribution was ascerteined on 1 August 1966. Engineering

scceptance of the test results was made on I August 1966.

Thirteen revisions to the procedure can be recapped briefly as follows:

a. One added the Model DSV-LB-239 electrical network display urnit to
the list of end item test equipment.

b, One added a step which had been omitted from the procedure.

¢. A revision written in error was voided.

d. PFour steps which were no longer required were deleted.

e. A revision specified moving a DDAS ground station switeh to 72 khz.

f. Pive revisions corrected errors in the procedure, program, and data
desceription tape.

A secopd issue of this test, conducted on iO September, and accepted on 16
September 1966, was performed to provide aﬁ open, working document in which
to enter all DDT changes which were required on other sutomatic tests. Twelve
of the thirteen revisions were the same as those written for the first runm,

vhile one incorporated correctione of all the noted DDT ervors.

There were no functional feilures reported.
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k.2.3.1.2 Stage Power Turnoff (1B59041)

The sutamatic checkout system was used, per this procedure, to shut down the
power distribution system. Accomplished on 28 July 1966, the steps involved
demonstrated that the ACS was capable of power termination after the completion

of stage system checkouts.

There were five revisions noted In the documentation log sheet, of which
three involved deleting a portion of the test which was not required. A
revision added the Model DSV-LB-239 electrical network display unit to the list

of end item test equipment, and the fifth revision corrected a program error.

The results of the test were accepted by Engineering on I August 1966. No

malfunctions were noted.

4.2.3.1.3 Power Distribution System (1B59042)

Begun on kb August 1966, the power distribution system testing activities were
terminated on 8 August after four runs., The first run was ended with the
failure of relay module, P/N 1A7h211-505, noted on FARR A184794. The module
was removed and & replacement was installed. The second and third runs were
conducted to verify the performence of the new LOX level sensor No. 1
controller, as the old part, P/N 1A68710-501, had been rejected per FARR's
A1BLTG6 end A19613%. The final run verified that the 100 millisecond delay

t

wag ndequate “or an intewnal forwsrd power on” measurement. The results cf

-

testing were accepted on 16 August 1966.

Toere were five vavisions roted in the log sheet. One mdded the Model 230
eiectricel petwork display unit te the list of end item test equipment; one
sach *urnei transmitier power on and turned 1t off; one revigion corrected

a procedure error: and the finel revision deleted a step due to a perts shortege.
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4,2.3.1.3 (Continued)

As noted sbove, there were three failure and rejection reports written agasinst
this procedure. FARR A18479L, as already described, replaced relay module,
P/N 1AT4211-505, after the module failed to complete the circuit between

pins X and H, FARR's A184796 and A196135 noted that the LOX point level
sensor, P/N 1A68710-501, S/N D25, failed to turn off on command. The sensor

was returned to the vendor for rework to specs.

4,2.3.2 Continuity Compatibility Tests

The tests performed to ascertain the integrity of the stage electricel wiring
were:

a. The continuity compatibility check, which confirmed the soundness
of the wiring on the stage, through all component boxes.

b. The umbilical interface campatibility checks, which established

that a suitable electrical interface existed hetween the stage
end umbilical electrical systems.

4k.,2.3.2.1 Continuity Compatibility Check (1B59777 A)

This procedure provided for a wire-by.wire checkout of the continuity of all
electrical conductors on the stage. Measurements were taken between connectors,

through component boxes, and between the pins in each connector.

The test, conducted and accepted between 21 July and 23 August 1966, was
modified by forty-two revisions. Briefly, they were:
a. Two changing required resistance readouts to compensate for
variations in wire length and gauge, and for 49.9 olm resistance
modules in the line,

b, Ten revieions corrected schematic errors, and twenty-five rectified
minor errors ‘1 the procedure.

¢c. Four ltems were _>leted because they were no longer required, and
two were deleted because the wires were inaccessible.
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4,2,3.2.1 (Continued)
d. A last revision provided for an added ground vire,

There were no malfunctions on record,

h,2,3.2.2 Umbilicel Interface Compatibility Check (1B59779)

On 28 July 1966, the continuity end compatibility of the electrical conduits

connecting the stage to. ground electrical sources were verified,

Three i'evisions to the test included one which clarified & test setup, and

two correcting and clarifying the procedure. No defects were discovered.

4,2,3,3 Propellant Utilization System Tests

The two test procedurss described in this paragraph include:

8., The propellent utilization system menual calibration, which
provided the setup of the system,

b. The M system automatic checkout,

4.2.3.3.1 Propellant Utilization System Calibration (1B643IET B)

The manual calibratiorn of the propellant utilization system, run and
accepted on 4 August 1966, consisted of the following:

9. Verification of Static 1mrerter/converter output voltage,

b, ILH, and LOX bridge empty and full calibration,

c, Date acquisition of the m2 and LOX bridge position,

‘d. IH, end IOX bridge slew checks (1/3 and 2/3 slew).

e. RMR calibration.

f. LH, and 10X bridge linearity checks,

€. Verification of hardwire loeding cirecuits,

No revisions were written, nor were any failures discovered.
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4,2,3.3.2 Propeliant Utilization System {1BSJOLE)
On 27 August 1966, the sbility of the propellant utilization system to
regulate the fuel to oxidjizer mixture ratio was verified., The resulte vere
certified by Engineering on 6 Beptember 1966, The steps coamprising this
verification were:

a8, Oven internal temperature check.

b. IOX and LH, bridge zero balance,

¢, Ratioc valve ocutput null voltage.

d, Loading system integrity check,

e, IOX and IH2 servo loop portions of the PUEA,

f. Valve movement check.

In the documentation log sheet, four revisions were recorded. Two specified
data obtained from manual B&CO 1B6436T; one changed & tolerance to sccount
for & noisy PU coarse loading pot; and one deleted a step due to a parts

shortage,

Two failure and rejection reports were written duringlthis test. FARR
A196148 reported that PURA, P/N 1A59358-517.2, S/N 05, was defective, The
assemily was reworked per B/P 1ATLKS97, and retested mcceptably, FARR A19619k
noted that the LH, fine mass reeding on PUEA, P/N 1A59358-517.2, S/N 07,

was low, The assembly was reworked to & 1A59358-525, S/N 025. The rework

was acceptable,

4,2,3.4 Level Sensor and Control Unit Calibration (1B4LLSLE B)

Run and ... ted on b Augnst 1966, this procedure verified the proper oper-
stion of the smensor systems for the liguid level and liquid/gas differentistor,

for the LOX and LHp point level, and for the tanks overfill and fast fill,
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4L,2.3.4 (Continued)
T™vo revisions included one correcting & minor error, end one modifying a

schematicato-ground & wire,

There was one failure and rejection report written. FARR A184795 reported

_ that control units L11A91A66A212 and L1IA91IA66A210 could not be adjusted to
5.0 + 0.5 vde. Also, control unit, P/N 1A68T10-511, S/N D24, could not be

' adjusted to 28.0‘1 2,0 vdc. Rewiring ell three units brought their edjustment

to within tolersance.

4,2.3.5 Exploding Bridgewire System (1B5Q0LT)

The exploding bridgewire system automatic verificatlion was accomplished on
6 August 1966 with the completion of the following:

a, Preliminary EBW firing unit and pulse sensor test.

b, EBW firing unit ignition pulse sensor self test,

¢. Ullage rocket EBW firing unit test.

d. Ullage rocket Jettison firing unit test.

The results of testing were accepted on 9 August 1966,

The six revisions entered in the log sheet included:

e. Four deleting items, of which three were not required, and one
was impractical due to a parts shortage,

b, A revision specified that the "resume” button be pressed to end
the test.

¢, A final revision corrected an error in the program,

There were no functional failures reported.
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4,2,3.6 Range Safety System Tests

There were two tests performed to verify the operation of the range safety
receivers, The manual procedure provided the test and equipment setup
required to perform the autamatic procedure, In addition to these two tests,

an sutamatic checkout of the entire range safety system was conducted.

4.,2,3.6.1 Range Safety Receiver, Msnual Operations (1B64634)

Between § and 19 August 1966, the manual test setup required for the range

pafety receiver checkout was effected and accepted.

In the log sheef, eleven revisions were recorded, There follows & brief

description of each:

a, Two specified resetting the signal generator to the correct
center frequency.,

b. A step which was to be done leater was deleted,

¢, 7T.o revisions added steps which had been omitted from the procedure,
and one corrected & minor error.

d, One specified disconnecting the antenna to allow checking of AGC
drift without antenna noise,

e. ‘Two called for the reinstellation of the 20 db attenuator.

. f. One revision changed a tolerance, and & final revision returned
the stage to its pretesting configuration,

There were no malfunctions on record,

h.,2,3.6.2 Range Safety Receiver Test (IB59116 A)

The automatic checkout of the range gafety receivers, run and accepted on 17

August 1966, verified their ability to receive flight termination commands and

initiste propellant dispersion,
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4,2.3.6.2 {Continued)

Five items were incorporated in the revision log sheet, as follows:

b.

Co

a.

A step was added per RASA request.

Instructions were given to use fault routipes 1f "off" commands
were not recelived,

Two revisions corrected minor errors in the program.

A meagurement was deleted because of & parts shortage.

No failure and rejection reports wvere prepared.

b.2.3.6.3 Range Safety System (1B59049)

The automatic checkout conducted on 16 August 1966, to verify the performance

of the range safety system consisted of:

a.
b.
c.
a.
e.
f.

ge

EBW and receiver external/internal power transfer test.
Engine cutoff test.

Pulse sensor and propellant dispersion command inhibit test.
In-flight turnoff command test,

Arm and engine cutoff cammand test.

Propellant dispersion command test.

Bafe and arm device test,

The resulte of testing were accepted on 19 August 1966, after the following

eleven‘revisions had been incorporated:

a.

b.

Ce

Pour corrected minor program errors, and one added an item which
had been omitted.

Two measurements were delete&, one because it was no longer required,
and one because of parts not installed.

Pour revisions added steps to: correct the destruct system set

operatim; verify stage cutoff circuitry; verify the safe and am
device; and check s talkback function.
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4,2.3.6.3 (Continued)

There was one failure and rejection report prepered in conjunction with this
test. FARR A1961L43 reported on PC board 411A96A200, P/N 50M550.0-1, 8/N OBLGB,
in Al multiplexer, P/N 1B62513-521, S/N 00001, which was defective. The board

was removed and replaced; however, the multiplexer was still defective, and

was replaced.

k.2,3.7 Cryogenic Temperature Sensor Verification (1BE4E2L)

Those temperature probes whose normal operating range did not include ambient
(roam) temperature were tested between 26 July and 4 August 1965. Engineering
certification of the results was made on 11 August 1966. The probes were
tested by measuring their resistance ouﬁput at ambient (known) temperature, and

comparing this output to a calculated value based upon their calibration curves.

There were eight revisions to the original documént, modifying the procedure to:
a. Correct & minor error.
b. Ensure complete checkout of each sensor.
¢, Take into account changes peculiar to the 503 configuration.

d. Delete items which were previously considered.

There was one failure and rejection report prepared as e result of this test.
FARR A196136 noted that temperature transducer, P/N 1B3kk73-1, S/N 119, failed.
The resistance output should have been within 5 per cent of 5000 ohms., It

read open., The transducer was returned to the vendor for rework.



Douglaes Report DAC-56505

4,2,3.8 Signal Conditioning Betup (1B64LS28)

Between 5 August and 15 September 1966, all signal conditioning equipment
which was either found out of tolerance during system checkout, or was out

of tolerance as replacement equipment, was calibrated.

According to twenty-eight revisions, the procedure was modified as necessary
for this stage. The revisions covered:
a. Proper reference drawings were called out in one revision.

b. Several pieces of non-end item test equipment were added according
to another.

¢. Seventeen revisions changed measurement callouts to conform to
the latest Instrumentastion Progrem and Components List, dwg.
1BL3868L.

d, A revision specified completing a step which was not described in
the procedure.

e, Four corrected minor errors, and one clarified the procedure.
f. A tolerance was narrowed by one revision.

g. One changed the procedure to comply with the production test
requirements,

h. A revision written unnecessarily was deleted.

‘Tegting per this procedure revealed three defects which were described on
failure and rejection reports. FARR A184793 noted that the output from 20

volt excitation module L11A91A63A241, P/N 1ATLO36-1.1, S/N 0240, was 25.0 vde.
The module was scrapped. FARR's A1961k1 and A196193 reported thet extensiometer
LokMP630, P/N 1A68709-1, S/N 00022, would not extend or retract. The extensio-

meter was removed, re-taped, calibrated, and accepted.
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4,2.3,9 Single Sideband System Tests

There were two tests performed to verify that the single sideband telemetry
system, transmitting acoustical and vibrational data, was functional. The
checkout consisted of & manusl procedure providing test equipment setup, and

en autametic procedure.

4,2.3.9,1 Single Sideband System Manual Operations (1B64EL3 A)

The test equipment setup required for the amutometic checkout of the single

sideband system was accomplished between 2L August and € September 1966.

Forty-three revisions were entered in the log sheet, recapped as follows:
a. Nine corrected minor errors in the procedure,
b. PFourteen steps which were not required were deleted.

¢, ‘Steps were added by thirteen revisions to: add end item test
equipment (Model 141 cable network, Model 127 tape unit, and
Model 296 signal distribution units; verify the frequency of the
LOO Hz signal; take into account errors in GSE; check the service
channel marker; and correct cable designations.

d. The remaining seven revisions pertained to incorporating items
which had been amitted fraom the procedure.

There were eight failure and rejection reports written against defects found
vhile testing per this procedure, They were:

a. FARR A196184 noted a loose connection at the accelerometer end
of coaxial cable L1IMIG05C, P/N 1ABB599-1, S/N O, which was
suspected of causing voltage deflections. The loose connector
was tightened, and the deflections continued. The accelerometer
was then removed and repleced. :

b. FARR A196186 reported that the sbove accelerometer was returned to
the vendor for rework to specs.

¢, FARR A196192 noted that wires DB82LA22 and D8B25A22 of wire harness
L11W297D8, P/N 1B58290-1, S/N 00001, were reversed. Pins D and N
of plug P8 were removed and reinstalled per B/P, correcting the
discrepancy. ‘
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4.2.3.9.1 (Continued)

d. FARR A196199 cbserved that the amplitude signal level of
transducer kit, P/N 1A68708-1, S/N 312, was zero. It
should have been 80 volts + 10 per cent,

e. FARR A196200 reported that the forward right-hand mounting stud
for transducer, P/N 1A68708-1, was loose and turned with the
nut. The stud was secured successfully,

f. FARR A216753 noted that a coaxial connection was damaged at
amplifier, P/N 1A68707-7. Trensducer kit, P/N 1A68707-601, S/N
1508, containing the connector, was returned to the vendor for
rework to specs.

g. Per FARR A216756, coaxisl cable 41IMT675, at panel, P/N 1A68707-577,
8/N 513, had a loose connector causing intermittent operation.
The connection was tightened, correcting the condition.

h. FARR A216757 reported that coaxial cable L11MP705, P/N 1A68708-507,
S/N 356, had a loose connector. The connection was tightened and
retested acceptably.

( %.2.3.9.2 Single Sideband System (1B59045)

The Model DSV.-LB-126 FM T/M single sideband (SSB) station was used to receive

vibrational and acoustical signals from the stage for reduction and evaluation.

' This automatic cheeckout, run on 30 August and accepted on 7 September 1966,
coneisted of:
( &, Power distribution.

b. Sequencer commands,

¢. Remote autamatic calibration assembly.

d. Marker channel verification.

e, Preflight sweep calibration.

f. B8/ channel verification.

g. B88/FPM tranamitter check.
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‘4.2. 3'902 (Continued)
There were fifteen revisions written to modify the procedure, including five
correcting minor program errors. The remaining ten were:

3

a. Three added steps to: insert the inflight calibration test; turn
SSB power on; and do the channel marker verification immediately
subsequent to power on.

b, Three deleted steps, because they were no longér required, because
they were to be done later, or because of parts shortages.

¢, A revision changed an item to conform to the instrumentation
program and components list,

d. One specified verification that certain manual steps had been
accomplished per HXCO 1B6LEL3,
e, Two revisions added breakpoints to allow for the sweep cal command.

Ko functional failures were noted.

4,2.3,10 Telemetry System Tests

The final acceptance checkout of the telemetry system included a manual test

setup and an automatic checkout.

4.2.3.10.1 Telemetry System, Manuasl Operations (1B64E37)

Between 2 and 7 September 1966, those portions of the telemetry system checkout

" which required manual activity were performed and verified. Included were

adjustment of the subcarrier oscillators, verification of channel assigmments,
verification of SCO pre-emphasis, adjustment of tranemitters, and verification

of flight recorder and program plugs.

Roted in the documentation log sheet were twenty-one revisions, which are
recapped as f¢~ -3¢

a., One addeu the Model 296 telemetry signal distribution unit to the
list of end item test equipment.
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4,2.3.10.1 (Continued)

b, Ten revisions pertained to deleting steps which were no longer
required, or which had previously been done.

¢. Two corrected errors in the procedure, and one added an item which
had been omitted.

d. A revision specified certain test stand adjustments.

e, The remaining six revisions pertained to returning the 70 kHz VCO
to the operational mode; the transition from menual to autamstic
testing; measuring the tape speed of the 120 kHz recorder;
specifying the oscillograph channel for the special service
channel; and making it the responsibility of Engineering to
evaluate strip charts.

Three failure and rejection reports were written against this test., FARR's
A196179 and A196180 reported that oscillator assemﬁlies, P/N's 1B33187-553
and -557 respectively, had no response, The oscillators were reworked
acceptably. FARR A216751 noted that adjusting the gain on the wideband
amplifi{er of osciliator assembly, P/N 1B33187-555, S/N 00001, caused the out~
put voltage to vary. The unit was reworked to the 1B52717-1 configuration,

and accepted for use,

l’f-?c3.10.2 Telem2try System, Automatic Checkout (1259050)

Four yuns of this procedure were required to funetionally check out the
telemetry system. The three runs prior to finasl acceptance, éompleted on 20,
24, end 27 August 1966, were inconclusive due to & program error, non-linearity
of the No. 2 70 kHz VCO, and out-of-tolerance channel outputs. The final run,
performed on 2 September and accepted on 7 September 1966, was completed without
difficulties, incorporating the following fifty-eight revisions:

a. Twenty-two corrected procedure, program, and operator errors.

b. KNine items were deleted because they were not required, because they

had previocusgly been done, or because parts shortages precluded’
accurste measurements,
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b,2.3.10.2 (Continued)
¢, Three revisions written in error were volded.

d. Seven called for starting the tape recorder prior to resuming
' the program.

e. Six revisions inserted necessary breakpoints.
£, Mve called for running steps requested by the Data Reduction Group.
g. The remaining six revisions involved: Transferring data to VCL
tape unit 1; noting that the flight recorder wes time significant;
adding an item omitted from the procedure; changing a tolerance;
and adjusting the entenna input GSE switch.
The following two failure and rejection reports were written to record defects
found while testing per this procedure. FARR A196196 noted that coaxial
switch 411AB9A201, P/N 1A69213-1, S/N 0062, read 7O per cent due to noise
plckup. It should have reed 58 per cent; however, retest per B/P A659-
1A692137PDSI failed to reproduce the defect, and the switch wasAaccepted as is.
FARR A196197 reported that the 7O kHz VCO in PM/FM/PAM No. 2 transmitter was

nonlinear in its middle range., The VCO was reworked to B/P end accepted.

4,2,3.11 Digital Date Acquisition System Tests

The three test procedures conducted to ascertain the function of the digital
date acquisition automatic checkout system were: =
a. DDAS manual calibration. '

b, DDAS autamatic calibration.

¢. DDAS automatic checkout.
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k.2.3.11.,1 Digital Data Acquisition Systvem Menual Calibration (1B64E2G)

Run in conjunction with automatic HECC 1B59113, the DLAS manual calitrstion
included checkout of the Model 270 multiplexers and the Model 301 POM/ D8
assembly. Channel outputs were determined multipiexer by mulitiplexer. Thesge

ocperstions were completed on 1 Auguet 1966, with acceptance taking place on

3 August 1966.

The purpose of *the manual checkout was to provide setuvs and other non-
autamatic functicns ae necessary to supplement the automstic system cslibration

200 1BS9113, using the DO2LA computer and the RACS.

The only revision made changes as necessary to reflect the new number of the

automatic calibration procedure,

Thexre wvare nc fusnctional failures on record.

N

i b1 TN =i - 4+ ’ O crpmd v - ~a : I T
4,2.3.,11.2 Dizizal Data Acaquisition Srotem Automatic Talivraiticn (1790117 L)

1

"™ne automatlc calidbration of the digital deta amcquisition system wes rmun for
the first time on 29 July, and accepted on 3 August 1966. Four revisions to
this run included:

g, One requiring thet the stage power setup test results tare remain
loaded,

*. One allowing measurements because the LEL2 point level, cverfill,
and fest 111 sensors had yet to be calibrated.

. One deleting s step vecause of a parts shortaze, and one delating

a gtep which was no longer reguired.

The gecond run, begun and scceptad on 15 August 1966, was conducted only as
necessary to verifv the calibration of the Al multiplexer, which hed been
replacei {reference FARR A1961L43). There were three revisions tc this run,

including one deleting & step due tc & parts shcortage; one ensuring that the
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4,2.3.11.2 (Continued)
power setup tape remained loaded; and one deleting all portions of the

checkout not relevant to the Al multiplexer.

The above referenced FARR A196143, replacing the multiplexer is described in

paragraph 4,2,3.6.3. There were no other malfunctions.

4,2,3.11.3 Dirital Data Acquisition System Automatic Checkout (1B590Lk4 A)

The DO2LA computer was used, first on 1 and 2 August, and finally on 11
August 1966, to autometically check out the digital data acquisition system.
The first run was terminated due to extensive program errors which were
rectified, resulting in the "A" revision of the H&CO. The results of the
final run were accepted by Engineering on 8 September 1966; however, 103
revisioms vere‘incorporated at this time. Briefly, they covered:

a, Seven changed tolerances to reflect the installation of simulators.

b, Two pertained to the inclusion of the Model DSV-4B-279 vehicle
instrunentation checkout unit in the 1list of end item test
equipment.

¢, Three revisions written in error were voided.

d. Seven added items omitted from the procedure, snd thirty-three
' corrected errors in the procedure, program, or data description

tape.

e, PFive revisions were written to bring the procedure into campliance
with the revised instrumentation program and components list.

f. Three changed the program to conform to new strain gauge modules
which had been installed.

g. Four revisions were written because newly installed temperature
patches had different temperature-to-resistance ratios, and two
revisions noted that several temperature probes could not be RACS
tested due to proximity to the cold plates.

h. Eleven rev:asions were necesattated because of incorrect channel
assigments.
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4,2.3.11.3 (Continued)

i. Eleven deleted steps and/or measurements which were either no
longer required, or were affected by parts shortages.

J. Five revisions pertained to defective transducers which were
replaced. (Reference FARR's A196195 and A196198).

k. The remaining ten revisions perteined to: adjustment of calibration
signal voltage for correct loed; accounting for the new J-2 engine
analog position indicatorss multiplexer input decay after RACS
removal; 13,6 in. offset of the 340 in. extensiometers; tables
for entering the results of hardwire measurements; new RACS codes;
rewiring the EBW pulse sensor; & wiring error; and naminal drift
of the Model 296 signal generator.

FARR A196195 noted that the output from accelerometer, P/N 1A88769-503,

S/N 207, was 0.5 vdc. It should have been 4,850 + 0.100 vdc. The accelerometer
was returned to the vendor for rework to specs. FARR A196198 reported that
transducer, P/N 1BkO242-507, S/N 507-5, had out-of-tolerance high and low RACS
outpﬁts. The transducer was retested without duplicating the defect, and it

was therefore accepted for use., No other functional failures were discovered.

4,2,3.12 Telemetry and Renge Safety Antenna System Test (1B64EZ5)

The antenna system designed for the reception of telemetry and flight
termination signals was operationally tested between 22 July and 9 August 1966.

The results were accepted on the latter date,

There were forty-three entries in the revision log sheet, summarized as follows:

a. Two were written because thk transmitter and amplifier were now one
item. '

b. PFour added fitems amitted friom the procedure,
‘ce Twenty-five revisions corrected minor errors.
d. Two steps which were no longer required were deleted.

e, A revision provided a meter with required sensitivity.
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k,2.3.12 (Continued)
f. One called for a transmitter frequency check, two specified
range safety insertion loss measurements, and two described a final
system VSWR check.
g. Two revisions incorporated allowances for cable insertion loss.,

h. The final two revisions pertained to turning transmitter power off,

There were two failure and rejection reports written egainst this procedure.

| | FARR A184792 noted that the phese angle of coax cable, P/N 1A82204-505,

8/N 0025, was 85°. It should have been 30°. The cable was scrapped.

FARR A196138 reported that reflected power detector L1LIAGTMI720, P/N 1ATAT76-501,
§/N 2-0200, could not be adjusted. The detector was retested, and the defect

was not duplicated. It was therefore accepted for use.

1 4.2,3,13 APS Simulator Test (1B59051)

; The Model DSV-4B-188 APS module simulators were used to verify the continuity
| and compatibility of the wiring through the stage/APS interface. The specific
{ tests performed were:!

8. Verification that application of bus power did not result in
excessive static loads.

b, Verification that attitude control commands from the IU controlled
the proper sets of guad-redundant solenoids.

c. Verification of proper APS telemetry measurements.

Run on 8 August end accepted on 10 August 1966, the test was completed with
the addition of the followling five revisions:

a. Two specified steps to ensure that the relays in the attitude control
. module had operated.

b. Two revisicu: noted compensations for wiring IR drop.

c. The last revision corrected a minor programming error.

( There were no functional failures found while testing per this procedure,
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4,2,4 Propulsion System Tests

The following nine tests were performed to establish the function &and integrity
of the propulsion system components, and the alignment of the J-2 engine:

a. Propulsion system control console/stage compatibility test -
paragraph 4,2.4,1,

b, Fuel tank pressurization system leak check - paragraph 4.2.4.2,
¢, Pneumatic control system lesk check - parsgraph 4.2.4,3.

d. Cold helium system leak check - paragraph 4,2 4.k,

e. Propellant tanks system lesk check - paragraph L,2.4,5,

f. Repressufization system leak check - paragraph 4.2.k4.6.

g. J=2 engine system leak check - paragraph 4.2.4,7,

h. Propulsion system automatic checkout - paragraph 4.2.4,8,

i. Engine aligrment - paragraph 4.2.4,9,

4,2.4,1 Propulsion System Control Console/Stage Compatibility Check
1B59454 )

The check of the compatibility between the propulsion system control console and
the stage propulsion system involved throwing switches on the console and
verifying proper solenoid responses on the stege. This was accomplished and
~certified on & August 1966, with four revisions incorporated. Of these, two
deleted step; which were not required, one corrected an error, and one clarified

a statement,
There were no malfunctions on record.

4,2,4,2 Puel Tank Pressurization System Leak Check (1B59456)

A manual leak check of the LH, tank pressurization system was performed between
1 and 8 August 1966, with acceptance of the results occurring on the latter

date.
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k,2.4.,2 (Continued)

There were five entries on the leak check log, all of which were cleared after
specified rework, Five revisions to the procedure included one which was
later voided, two:describing e setup to prevent backflow into the system, bne

correcting an error, and one deleting a step which was no longer required.

Four failure and rejection reports, FARR's A184797, A184798, A184799, and
A184800, pertained to galling and scratches on pipé assembly, P/N 1B64112-1,
check velve, P/N 1B65673-1, and quick disconnect, P/N 7851861-1, which caused
leakage between the pipe assembly, and both the check valve and the disconnect.

The damaged areas were reworked acceptably,

4,2.4.3 Pneumatic Control System Leak Check (1B59457)

Between 11 August and 6 September 1966, this procedure was run and accepted,

verifying the integral status of the pneumatic control system,

There were twenty-nine leaks noted in the log sheet, all of which were resolved
through rework, Nine revisions modified the procedure, as follows:

&, One provided for updating a drawing.

b, Three deleted lesk checks on connections which were lnaccessible, and
two checks were deleted due to parts shortages.

¢, A revision claerified the procedure, and another added an item
omitted from a procedure.

d. The final revision provided for checking out orifice, P/N 1AL885L-1.

-

The following three failure and rejection reports were written against this

procedure:

e, FARR A196142 i:!ed that actuation control module 41142, P/N 1B65292-1,
B8/R 012, leake: % 200 scim. The module was returned to the vendor
for replacement.
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4,2.4,3 (Continued)

-

b. FARR A1961L45 reported that excessive leskage was noted around the
screws mounting the actuation port adapter on prevalve, P/N
1Ak9968-509, S/N 102. The prevaive was returned to the vendor
for rework to specs.

c. FARR A196146 observed that LOX prevalve, P/N 1AL9968-509, S/N 011,
leaked at the screws holding the actuation port sdapter to the
body of the valve, A slight leak remained after rework. This
was accepted for use,

#.e.h.h Cold Helium System Leak Check (1B59458)

Confirmation of the integrity of the cold helium LOX tank pressurization -

system was made on 6 August 1966, with Engineering acceptance taking place on

6 September 1966,

One revision was written to clarify a step, and twelve leakage conditions

were noted in the log sheet. All were resolved satisfactorily following rework.
One was described on FARR A196140, which reported on a rough, gailed spot in
the upstream flare seat of tube assembly, P/N 1B52441-1, causing leskage in
excess of 0.001 cc per second. A Voi'shan seal was installed, rectifying

the condition.

4.2.4.5 Propellant Tanks System Leak Check (1B59459)

The equipment setup and instructions required to leak check the vacuum ducts,
common bulkhead, propellant tanks, and associated valves, are described in this

procedure,

Run between 23 August and 6 September 1966, the checkout was campleted with no

éntries in the leak check log sheet, and no functional failures.

There were three revisions recorded. Two changed the procedure to use freon

instead of helium, for lemk checks; and one rectified an omission.
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k,2,4,6 Repressurization System Leak Check (1B59460)

Run and accepted between 16 August and 6 September 1966, this procedure
established the leak free condition of the LOX and LH2 tank repressurization

systems,

Six entries in the leak check log sheet were resolved by changing seals or
retorquing "B” nuts, except for two noted below. Three revisions to the
original document pertained to adding items omitted from the procedure, and
leak checking the connection between the LOX repressurization control module

and the pressurization line.

The above mentioned leakage conditions were noted &t unions, P/N's MC160C12W
and MCIT7C12W. Crush washers, P/N MC185C12, were installed to correct the

conditions per FARR's A196189 and A196190.

k,2,4,7 J-2 Engine System Lemk Check (1B59461)

There were two distinct tests involved in checking the J-2 engine system for
leakage. The J-2 engine leak check involved checking all lines, valves,
and herdware, and the thrust chamber leak check included testing the chamber

A and the mein fuel and oxidizer valves.

Testing began on 12 August 1966, with acceptance taking place on 6 September
1966. Three entries in the leak check log inclﬁded two which were resolved
immedistely., The third was recapped to FARR Al196147, which noted that the
connection between the pneumatic control package and the Fine regulator

outlet pressure line leaked at b scim. A new seal and fitting were installed.

Six revisions to the procedure were entered in the revision documentation log

sheet. Two rectified procedure amissions, two deleted steps which had already
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(Continued)

been done, one changed a step to comply with memo 190C, and the final

revision co:rected & minor error.

Four other failure and rejection reports, not noted in the leak check log,

were?d

8. .

b.

C.

4,2,4.8

FARR A196178 noted shreds of metal and plastic in the engine
control bottle fill system, The fill line was purged.

FARR A196181 reported scratches on both ende of tube assembly,
P/N 1B52566-1, eand damege to the teflon insulation in seversl
places. The flared ends were hand polished per DPS 10001, and
the teflon wrapping was removed and replaced per B/P,

FARR A196182 observed imperfections in the threaded end of the nipple
seat of quick disconnect agsembly, P/N 1Ak9958-523, S/N 29. The
surface was polished with No. LOO paper.

FARR A196183 noted the same problem for disconnect assembly,
P/N 1A49958-515, S/N 12. It, too, was polished out.

. Propulsion System Test (1B64396)

The automatic functional checkout of the propulsion system consisted of six

distinct procedures, as follows:

8,

C.

a.

e,

Pressure switches test, run on 20 August and again on 22 August
1966. The first run was repeated due to a malfunction of the
engine pump purge pressure switch. The second run was campleted
satisfactorily.

The LH, tank pressurization system test, performed on 22 August
1966, The only problem was a transducer in GSE Model 321, which was
replaced.

The LOX tank pressurization system test, conducted on 25 August
1966, was campleted with no melfunctions.

The J-2 engine system test, run between 26 and 31 August 1966.
This test was rerun three times due to GSE and program problems.,

The pneumatic control system test, performed on 31 August 1966.
PARR A216752 noted a broken wire fram the LOX prevalve, which
was repaired by replacing pin 11 of plug 26.

15
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f. The repressurization system test was run on 2 September 1966
with no malfunctions,

The results of testing the propulsion system components were verified and

-accepted by Engineering on 7 September 1966.

There were fifty-one revisions to the procedure recorded in the documentation
log sheet, as follows:
a. Two provided positive verification of valve travel.

b. Nineteen corrected procedure, program, and operator errors, and
one added an item which had been omitted.

c. Four revisions were written to conform to Rocketdyne manual
R-3825-1B.

d. Five inserted breskpoints and time deleys as required.

e, Four revisions provided manual checkout of pressure switches.
f. Five items were deleted because of parts shortages, because of
having been previously done, or because they were no longer

required,

g, A revision written in error was voided,

h., The remaining ten revisions pertained to: Reducing the number
of loops; allowing for pressure due to gravity; elevating the
second stage pressurization spike; clarifying hookup between
towers 5 and 6; changing the engine control bottle pressure;

revelidating the repressurization and pneumatic control system
H&CO's 1B59460 and 1BS59457; and loosening & tolerence,

No other defects were hoted.

L,2.4.9 Engine Alignment (1B39126)

This procedure contained instructions for measuring and adjusting actuator
lengths in order ‘.~ align the J-2 engine properly with the stage. The align-
ment and verificat:cn were completed on 26 July 1966, with Engineering acceptance

taking place on the following day.
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L.2.4,9 (Continued)
One revision entered in the log sheet changed one of the locations at which

the elevation of datum plane G was measured, due to structural interference,
No malfunctions were reported.

4,2.5 Hydraulic System Tests

The two procedures performed to verify the integrity, cleanliness, and
function of the stage hydraulic system were:
a, Fill, flush, bleed, and fluid samples test.

b. Hydraulic system automatic checkout.

4,2,5.1 Hydraulic System F111, Flush, Bleed, and Fluid Samples (1BL0973 B)

The cleanliness of the hydraulic fluld, as well as the clearance between the
engine and the stage structure, were certified between 5 August and 15

September 1966.

There were thirteen revisions to the document, including ten which added steps

because the gimbal control unit had been reworked. The other three pertained

to changling peragraphs because the J-2 engine feed bellows was disconnected

from the stage, and because the Model 699 servo valve squealed.
There were no functional failures reported.

4L,2,5.2 Hydraulic System (1B59122 A) -

The autamatic and manual tests required to confirm the function of the hydraulic

system were:!
a. Accumulator precharge test,

b, Reservoir oil volume test (unpressurized).
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(Continued)
Reservoir oil pressure test (unpressurized).
Coast mode thermal switch test,
Md~-stroke lock tolerance check,
System pressure test (pressurized).
Reservoir oil pressure test (pressurized).
Reservoir oil volume test (pressurized).
Polarity, linearity, and clearance checks.
Transient response test.

Freguency response tests.

Performed on 18 August and certified on 7 Sepfember 1966, the aforementioned

tests were accomplished as modified by the following ten revisions:

.

b.

Coe

d.

€.

f.

One replaced a 2° step with & 3° step.

Four steps which were no longer required were deleted, and a
step was deleted due to a parts shortage.

A revision required that the stage power setup test results tepe
remain open,

Anocther specified that the command relay be subscripted in the
fault routine of the frequency response crossover logic.

A revision corrected a minor program error.

The final revision corrected the halves balance ratio limit printout.

There were no malfunctions on record.
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b,2.6 All Systems Test (1B59060 A)

The all systeme simulated flight test was conducted on 8 and 9 September
1966. The first run, on 8 September, was terminated due to a facility power
failure. The second and successful run was completed with 103 revieions, and

was finally accepted by Engineering on 27 September 1966.

‘The test consisted of operating all stage systems, together, under conditions

such as those prevailing during prelaunch activities, liftoff, powered flight,
hydraulic gimballing, restart, and coast. The stage was connected to
facility sources through the umbilicals until simulated liftoff, at which time
the umbilical cables were ejected and the systems continued to operate on

stage-mounted power and air conditioning supplies,

The above mentioned revisions included:
a. A correction to the reference drawing list.
b, Additions to the 1list of end item test equipment.
¢. Twenty-four revisions deleting steps which were not required,
or vhich had been previously done, or where perts shortages

made accurate measurements impossible,

d. Three revisions changed the procedure to reflect special cable
installations.

e. Three inserted up-to-date tolerance changes.

f. Two revisions added steps which were necessitated because the
umbilicals were ejected during the test.

g. A revision authorized ar increase in power input to the range
safety receivers due to arntenna relocation,

h. Five revisions pertained to checkout of the single sideband
ground station.
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Thirty-two revisions clarified or added items omitted from
the procedure, or corrected procedure and program errors.

Fighteen inserted breaskpoints and time delays as necessary.
Two revisions written in error were voided.

The remaining eleven revisions pertained to: checkout of PAM
channels; a modification to the procedure per NASA request;
ensuring recording of all active channels; testing the APS;
accurate positioning of source selector switches; manually
verifying reworked transducers; and a defective DC amplifier
(reference FARR A216760).

FARR A216759 reported that the output from transducer, P/N 1A88599-1,

| 8/K MAOL, was 0.6 vrms. Output should have been 1.4 vrms. Retest failed

to duplicate the defect, and the transducer was accepted for use.

FARR A216760, mentioned above, noted that the high output from DC

amplifier, P/N 1AB2395.1, S/N 2145, was 2.989 vdc; it should have been

4,000 vde, 'The amplifier was returned to the vendor for rework to specs.

-
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4.3 Stage Manufacturing Tests

All manufacturing and test records for the stage are reviewed and presented

in this paragraph. Also included are those procedures pertaining to pre-

paration of the stage for shipment to STC. Table II contains narrated

description of the permanent nonconformances recorded on FARR's during manu=-

facturing and test, while those nonconformances discovered during final in-

spection and pre-shipment activities are narrated in table I, section 3.

The dispositioning of these FARR's was accomplished by the Material Review

Board,

weight,

A review has been made of acceptance test data pertaining to the

balance, and shipment requirements, hydrostatic proof tests, and

subsequent leak check of the propellant tanks,

L.3.1 Stage Preparation for Shipment

Five procedures were conducted to prepare the stage for shipment, by trans-

porter,

to Los Alamitos Naval Air Station, and by Super Guppy from there to

Sacramento., These procedures were:

a,
be.
c.
d.

€.

Stage preparation, air transport.

Stage transportation, transporter, air carry pallet. -

Stage loading, air carrier.

Preparation of the stage for the weigh and balance procedure,

Weigh and balance procedure.

k.3.1.1 Stage Preparation for Air Transportation (1B57355 A)

The preparation of the stage for air carrier transportation to Douglas STC

took place between 5 and 10 October 1966, The following steps were included:

Be

b, -

Installation of the air carry roller transfer kit onto the
transporter,

Installation of the air carry support assembly (pallet) onto the
transporter,
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h.3-l.l (Continued)
c. Installation of the stage hoist equipment.

d., Loading of the stege onto the air carry pallet/transporter.
No revisions or malfunctions were reported.

4.3.1.2 Stage Transportation - Transporter (1B57356)

On 11 October 1966, the stage was moved from Douglas SSC to NAS Los Alemitos
in preparation for loading the stage onto the Super Guppy. Two major se-
quences specified in the prdcedure, the transporter checkout and the prime
mover to transporter hookup, were deleted per the only revision. They had
previously been accomplished. The other steps in the procedure were:

8, Stage transportation procedure,

b, Prime mover to transporter disconnect.

k,3.1.,3 BStage Loading, Air Carrier (1B57357 C)

The stage was loaded onto the Super Guppy air carrier, for transportation
from Douglas SSC to STC, on 11 October 1966. The loading procedure consisted

of the following steps:

a. Transferring the stage, with its pallet, from the transporter to
the cargo lirt trailer (CLT).

b. Positioning the CLT, with the stage, in preparation for loading
into the air cerrier,

c. Loading the stage, with its pallet, intc the air carrier.
d, Removal of ground support equipment,

e, Approval of flight status.

.Five revisions changed the procedure by: adding two items; deleting one

step; eliminating a referenced document; and reversing the order of two steps.

No functional failures were noted.
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4,3.1.4 Preparation for Stage Weigh and Balance (1B37831 C)

The preparation of the stage for horizontal weigh and balance, completed
on 4 and 5 October 1966, consisted of:

a. Installation of stage handling rings.

b. Preparation of the weighing area in the VCL.

c. Installation of the stage and handliing rings on the cradles.

d. Installation, checkout, and removal (after weighing operation)
of weighing equipment,

e. Installation of the stage support assembly (engine protective
cover).

f. Installation of the stage, with rings and cradles, on the
transporter.,

The preparation was accomplished with no revisions or other discrepancies.

4.3.1.5 Weigh and Balance (1B64539 A)

On 6 October 1966, the stage was weighed, and the horizontal center of
gravity was determined, in preparation for stage shipment to STC., The pre-

dicted accuracy of the weight measurement was + 0.l per cent.

-

The stage weight in air was found to be 28,011.1 pounds, and the calculated
weight adjusted for Standard Locality in a vacuum was 28,075.3 pounds. The

longitudinal center of gravity was located at station 338.57.

Seven revisions were noted, of which three pertained to a revised tare
weight, three changed steps to clarify the procedure, and one deleted a

step.

No malfunctions occurred.
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4.3.2 GN, - Electrical Preshipment Purge - Air Carry (1B65783 A)

Between 5 and 10 October 1966, the stage was purged and dried to a -25° F
dewpoint (300 ppm by volume) in preparation for shipment to STC, A
desiccant was installed in order to maintain a clean, dry, and safe dif-

ferential pressure environment during air transportation,

There were fourteen revisions noted in the log sheet. Eight deleted steps
which were no longer required, or beceuse of parts not installed; two added
items which had been omitted; one pertained to resequencing parts of the
procedure; one lowered pressure to obtain more accurate dewpoint readings;

and two were written because the LH2 vent could not be operated electrically.
No malfunctions were encountered,

4,3.3 Final Inspection

A final inspection of all mechanical and electrical areas was performed
before the stage was weighed and prepared for shipment, There were 215
discrepancies noted during final inspection of which 95 were of a mechanical
nature, and 120 were electrical, The mechanical discrepancies were minor
'deviations involving loose parts, lack of torquing, excess materials, torn
or missing ID bands, and areas requiring cleaning and paint touch-up. The
electrical problems, also minor, vere wires riding the structure, ground
sfuda not torqued, loose or tight clamps, damaged and chaffing wires,
missing ID, terminals improperly served, wires improperly coiled and stowed,
excess parts} and areas requiring cleanup and paint. All problems were
quickly resolved, except for the following three:
a. FARR A216705 noted damaged insulation on ¢oax cables L1OMT600 and
LO3MTT51, and dings on the exterior of the thrust chamber. The

dameged wires were wrapped with teflon tape per DPS, and the dings
were accepted as is,
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b. FARR A216T706 reported on insulation damage to coax cables
L25MT601 and LO3MTTO8. The damaged areas were wrapped with
teflon tape per DPS 1.357-15.

c. FARR A216707 noted cracks, trimmed cap, and an excess hole in
the aft skirt, The cracked area was scarved, the trimmed cap
wvas sealed with DPM 2531, and the excess hole was covered by
a doubler,

4,3.4 Propellant Tank Leak and Hydrostatic Proof Tests

The structural integrity of the propellant tanks assembly was verified
using hydrostatic proof tests and several kinds of leak checks. The
hydrostatic test consisted of exposing points throughout the assembly to
differential water pressures, in order to determine their stress patterns.
Helium, freon, and bubble solution, as well as dye penetrants, were used to

leak check the tanks.

4.3.4.1 Propellant Tanks Hydrostatic Proof Test (1B38L1k)

The hydrostatic proof checkout of the propellant tanks assembly, conducted
to determine leakages and their structural stress patterns, was performed
twice, The first run was aborted on 24 February 1966 when the LOX tank aft
dome failed the test (reference FARR A188495), The second issue, with a
replacement tank agssembly, S/N 1007A, wvas run to completion on 29 and 30
March 1966, and contained three revisions., Two pertained to LH, tank
emergency drain and refill, and one changed the procedure tc allow Engineer~

ing to record strain gauge readinge during LOX tank pressurization.

" Performed per the specifications of acceptance test procedure A659-
1B3841L-1-PDS 7, the test consisted of the following:
8. Proof of the cammon bulkhead to & positive (internal) pressure

differential of 27.5 + 0.5 - 0.0 psi, and the LOX tank at the
common bulkhead joint to 28.7 + 0.5 - 0.0 psi.

A5
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b. Proof of the common bulkhead to a negative (external) pressure
differential of =20.6 + 0.0 ~0.5 psi, and the LH, tank at the
common bulkhead joint to 22.5 + 0.5 -0.0 psi.

c. Proof of the LOX tank to a positive (internel) pressure dif-
ferential of 51.0 + 0,5 -0,0 psi, and the common bulkhead at
the aft dome joint to 19.2 + 0.5 -0.0 psi.

d. Proof of the LH, tank aft dome to 38,0 + 0.5 ~0.0 psi, and the
common bulkhead“at the aft dome joint to a positive (internal)
pressure differential of 5.2 + 0.0 -0.5 psi.

FARR A188495 was written to report on aft dome, S/N 1007, which was
cracked wvhen preassurized to 50 psi. The 1007 tank assembly was removed and
revorked to salvage SEO 1A39303-01k, and tank assembly, S/N 100TA, was

installed in its place.

L,3.4.2 Leak Check

The propellant tanks assembly was both leak and dye checked, subsequent to
hydrostatic testing, to ensure the structural integrity of its componentis
and welds. Direction and results of these tests were recorded on Quality

Engineering Charts (QEC), which are included in the Stage Log Book.

QEC papers 751, 753, 5%, 755, 756, 757, 758, 759, 761, T94, 932, 1520,
1521, 1522, 1523, 1524, 1537, 1553, 1554, 1555, 1556, 1557, and 1558 were
used for the halogeq, helium, and bubble golution leak checks., Three minor
leaks were noted and were reworked. The dye check of all tank welds was
conducted per QEC's 799, 902, 904, 905, 908, 915, 916, 917, 920, 921, 92k,
935, 968, 986, 1579, 1580, 168L, 1687, 1691, 1693, 1694, 1695, 1696, and
1697, Several dye check indications were noted, but were accepted. However,
éix required the generation of failure and rejection reports, as follows:

a. FABR Al97779 noted greater than No. 3 porosities in the aft dome
ring wveld. The indications were ground out and accepted.
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FARR A197905 reported on greater than No. 3 porosities and a 1/8
in. linear indication in the forwerd dome ring weld. The defects
were ground and blended out,

FARR A19792hk pertained to three cracks and grvaver than No, 3
porosity in the LOX fill line fitting to aft dome segment 3 weld.
The defects were ground out and accepted,

FARR A197990 indicated that QEC 1697 revealed a crack in the
inside weld of fitting, P/N 1B4L178-1, to the forward dome. The
crack was ground out, polished, and etched.

FARR A197991 noted connected linear porosity and two small

transverse cracks in the external flange fitting, P/N 1B33284-501,

to forward dome segment 2 weld. The indications were ground out,
etched, and blended.

FARR A197996 revealed two longitudinal cracks in the LOX fill
line fitting to aft dome segment 3 weld. The condition was
reworked per salvage SEO 1A39303-015,.

87/88
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Figure 5.
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ABCL

ACS

Countdown

Criticzl
Components

CLT
DDAS
DDT
DPS

Dyve Checx

ECP
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GLOSSARY OF TERMS

As Built Configuration List. A listing of the part number,
change letter, and menufacturing position index number, Com-
plled by the Reliability Assurance Department fram the manu-
facturing paper applicable to the stage.

Automatic Checkout System (Camplete Complex).

Af{r Force Quality Assurance

Automatic Gain Control

Assemblyv Outline. Document controlling the assignment of work
to assembly areas, and vrovides a record of conformance.
Plerned and released by Manufacturing Planning and verified
through Reliability Assurance (Quality Consrel) procedures.
Auxiliar Propulsion System

Contract Change Order

A computer routine fer changing data in memory.

a

scconds) from initiation to conclusion of a propellant loading,
r

static firlng exercise.

Tnose functional components essential to stage performance.

Cargo Lift Trailer

Digital Data Acquisition System
Date Description Tape

Dougzlas Process Standard

Dye Penetrant Inspection. Visual identification of surfece weld
defects, such as porosity and cracks, with a colered dye,

Exvlodirg Bridge Wire System

Engineerins Configuration List. A tabulated listing of the
Douglas/vendor vart numbers, Douglas/government/industry standard
part numbers, specification and source control drawing numbers,
processes and material specification numbers, test reguirement
drawing numbders, bulk material identification numbvers, serialized
engineering order and drawing change request engineering order
numbers, plus the part number and drawing change letlers defining
the engineering released design intent applicable to this end 1item.

Engineering Change Proposal

1583



End Item

EO

FARR

FACI

Form DD250

Form DD829-1
FIC

Growler
Inspection

GSE

H&CO

He

IIs

KSC

LOX

Log Book
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GLOSSARY OF TERMS (Continued)

A customer-required system, or any principal system or sub-
system elements. Also, those articles covered by major
subcontracts, delivered direct to a customer, or provided as
customer furnished property to a contractor.

Engineering Order. Engineering document which is used to
release design intent, for development and manufacture.

Failure and Rejection Report. A report used to identify or
divert nonconforming materiel. Alsc used to record dispositions
of such material, and the corrective action taken to prevent

recurrence,
.

First Artizle Configuration Inspection

A material inspection and receiving report used to transfer
an end item from one location or responsible agency to another.

Historical record used to document scope change verification.

Florids Test Center. Douglas Missile and Space Systems Division
test center at Cape Kennedy, Florida.

A sonic inspection method for detecting internal discontinuities
in Saturn stage common bulkheads.

Ground Support Equipment. Egquipment whose function is to trans-
port, protect, handle, service, test, check out, and monitor
the complete Saturn S-IVB stage, separate assemblies, or cam-
ponente,

Hendling and checkout drawing (test procedure)

_Helium

Inspection Item Sheet

Instrument Unit

Kennedy Space Center, located in Florida
Ligquid Hydrogen

Liquid Oxygen

A compilation of special records, packaged in book form, per-
taining to a given end item.

Material Review Board. A committee which evaluates and
determines the disposition of all rejected material (other than
obvious scrap or incOmpletes) and initiates corrective action to
prevent recurrence of the nonconformances leading to the
rejections.



NPC 200-2
OLSTOL

PAM

Permanent
Nonconfor-
mance

Permeaﬁility

Porosity
PDM
B/N

PMR

Ppm .

PU
PUEA

psia
psig

QEC

RACS-

Douglas Report DAC-56505

GLOSSARY OF TERMS (Continued)

NASA Quality Publication. The Quality Program Provisions for
Space Systems Contractors.

On Line Saturn Test Oriented Langusge. A method of manual
({.e. typewriter) input to correct a computer program.

Pulse Amplitude Modulated radio transmission

‘Pulse Code Modulated redio transmission

Planning Configuration List. Tabulated listing prepared by the
planning release group containing that information listed on
the engineering configuration list plus information required dby
the planning and manufacturing departments.

A condition, signifying material is nonconforming at the time of
inspection, and cennot be made to conform exactly.

Degree to which one substance will diffuse through or penetrate
enother,

Gas pockets or voilds free of solid materiaml occuring in welds.,
Pulse Duration Modulation of radic transmission.

Part Number

Programmed Mixture Ratio

Parts per million

Propellant Utilization system

Propellant Utilization Electronic Assembly

Pounds per square inch, sbsolute. Pressure measurement which
includes atmospheric pressure.

Pounds per square inch, gage. Pressure measurement which does
not include atmospheric pressure.

Quality Engineering Chart. A chart, prepared by Quality
Engineering, which provides specific inspection  instructions

to shop personnel, and a means of recording sequential inspection
for each unit fabricated.

. Remote Automatic Calibration System (telemetry checkout).

Redio Frequency

185



RPM

RS

sc

scem

scim
SCo

SEOQ

SIM

SPCR

SsC

S/N

TACD

TCC

TCS

™
T4me/Cycle

Significant
Item
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GLOSSARY OF TERMS (Continued)

Reference Mixture Ratio
Revolutions per minute
Range Szfety

Range Safety receiver system

Scope Change. Changes, requirements, or details of all or
any part of a program.

Rate of flow messurement - standard cubic centimeters per
minute.

Rate of flow measurement - standard cubic inches per minute.
Subcarrier Oscillator

Serial Engineering Order., Engineering orders, generally used to
authorize and describe rework in conjunction with a production
change. The SEO is also used to issue information or work
authorization when no drawing change is involved, i.e.,

salvages for manufacturing errors, and authorization for variation
fraom engineering drawing requirements or information.

Sefety Item Monitor

Saturn Program Chenge Request

Single Sideband, radio transmission

Space Systems Center. Douglas Missile and Space System Division
Center at Huntington Beach, California.

Sacramento Test Center, located at' Sacramento, California
Serial Number

Test Area Control Document

Task Authorization Notice. Douglas work authority.

Test Control Center.

- Thermo-~Condltioning System

Technical Directive

A component or end item, the memsured life of which is important
enough to justify running time, eycle, or atiribute data
collection.



/M
TR
UHF

Ullage
Pressure

Ultrasonic
Inspection

Umbilical

VCL
vCo
VHF
VSWR

WRO
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GLOSSARY OF TERMS (Continued)

Telemetry -
Test Request
Ultra High Freguency

The pressure of the gases in the unfilled portion of the
propellant tanks.

An inspection method employing ultrasonic waves to detect dis-
continuities in internal insulation bonding.

Stage/GSE interface point for stage servicing and monitoring
from a ground source,

Vehicle Checkcut Laboratory, located at SS8C amd STC.

Voltage Controlled Oscillator

Very High Frequéncy

Voltage Standing Wave Ratio. A measure of antenna efficiency.
Work Release Order. Document providing authority for the

accomplishment of work within the Douglas Missile and Space
Systems Division.
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